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I. Introductory remarks. 


" ‘The opportunity now afforded me of expressing my great indebted- 
ness to Dr Hughlings Jackson for the valuable suggestions which 
have led to the investigation of some of the points dealt with in this 
paper, is one which I embrace with very great pleasure. My researches 
in connection with the points suggested by him have yielded results 
which entirely confirm his surmises, 

It is with as much pleasure that I express my sincere thanks to 
Professor Victor Horsley for allowing me to carry out the in- 
vestigations in the Pathological Laboratory of University College. 

_ The present research, which was commenced eighteen months ago, 


1 Part of the expenses connected with this investigation have been defrayed by a grant 
from the Scientific Grants Committee of the British Medical Association. : 
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9 J. 8. RISIEN RUSSELL. 


deals with ocular movements as influenced by cerebral and cerebellar 
conditions ; and dogs have been exclusively used for the investigations, 
except in connection with those concerned with the cortical representa- 
tion of ocular movements, which have been conducted on monkeys. It 
may be as well to say with regard to the latter experiments that they 
are not intended to represent any attempt at precise localisation of 
ocular movements in the cerebrum, but simply to establish the fact that — 
movements other than that of conjugate turning of the eyes to the 
_ opposite side, are represented in the so-called eye-area of the cerebral 
cortex. 


II. Previous researches bearing on the subject. 


Ferrier’ found that excitation of the posterior half or two-thirds of 
the superior and middle frontal convolutions resulted in movement of 
the head and eyes to the opposite side, in connection with certain other 
effects, | 

Horsley and Schafer* confirmed Ferrier’s observation, but 
_ obtained the movements of the head and eyes on excitation of a more 
extended area of the cerebral cortex than that marked 12 in Ferrier’s 
diagrams. It “comprised an oblong portion of the surface of the frontal 
lobe, extending from the margin of the hemisphere, round which it dips 
for a short distance, outwards and somewhat backwards to the upper 
and anterior limit of the face-area. Posteriorly it is bounded by the 
arm-area, and in front by the non-excitable portion of the lobe. It 
extends, therefore, in front as far as the extremity of the pracentral 
sulcus, and it includes the middle part of the frontal lobe above the 
antero-posterior limb of that sulcus, the part included in the angle 
formed by the antero-posterior and vertical limbs of the sulcus, and 
perhaps a small portion of the ascending frontal gyrus close to the 
vertical limb of the same fissure,” : 

It was reserved for Beevor and Horsley* to demonstrate the 
possibility of separating the area, excitation of which evoked movement 
of the head from that, excitation of which resulted in turning of the 
eyes to the opposite side, and of further differentiating the lateral 
movements of the eyes. 

Turning of both eyes horizontally to the opposite side was rarely 


1 Ferrier. Functions of the Brain, 2nd Ed. 1886, p. 242. 
* Horsley and Schafer. Phil. Trans. Roy. Soc. Vol. cuxxix (1888), 20. 
* Beevorand Horsley. Ibid. B, 28, 3 
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EYE MOVEMENTS. 


met with as a primary movement, but was best represented in the 
convolutions situated in front of the prascentral sulcus, and to a less 
degree behind the sulcus which Professors Horsley and Schafer 


_ provisionally named “y” (see fig, 1); movement of both eyes to the 


Fig. 1. (After Beevor and Horsley.) From a photograph of the 
external surface of the right half of the brain of a monkey (Macacus 


_sinicus). Sulei. Sy.A, Fissure of Sylvius, anterior limb. Sy.P. Fissure of 


Sylvius, posterior limb. 2. Fissure of Rolando. PO. Parieto-occipital 
fissure. JP. Intra-parietal sulcus. Pe, Precentral sulcus. w. x. a’, y. 
Sulciso named. Convolutions or Gyri. FF. Lip of frontal lobe. JF. 
Inferior frontal. AP. Ascending parietal. SF. Superior frontal. 
AF. Ascending frontal. 0. Occipital lobe. 


opposite side and upwards was very rarely observed, and only in centres 
15, 16, 17, 19, 20, and very slightly at 33 and 31. (See fig. 2.) 
Movement of both eyes to the opposite side and downwards was only 
noticed twice, and at centre 22 in both instances (see fig. 2). Limited 
rotation of the eyes through a few degrees, such as would suffice to 


restore the direct position of the visual axes, if the eyes happened to be 


in position of slight conjugate deviation towards the hemisphere 
stimulated was observed frequently when the centres 28, 28a, 26a, 265, 
were excited. Nystagmus was occasionally observed in connection with 
centres 15, 16, 29, consisted in rapid jerking movements towards the 
opposite side, and was ascribed to fatigue. 


1-2 
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J. 8. RISIEN RUSSELL. 


Sherrington’ experimenting on monkeys, found that when the 
third and fourth cranial nerves were divided on the left side, excitation 
of the frontal cortex of the left cerebral hemisphere, by means of the 
induced current, resulted in conjugate deviation of both eyes to the 
right, as before the nerves were divided, : 


Fig. 2. (After Beevor and Horsley.) From a similur photograph to 
fig. 1, and shows the area of the cortex, which was the subject of their paper ; 
the numbers denote the different individual points of stimulation, of which 74 
are given. Each number denotes a centre of the size of 2 sq. mm. 


_ This movement was obtained even better by exciting the posterior 
eye-area of Ferrier and Munk. In another series of experiments the 
sixth cranial nerve was divided on the left side and the frontal cortex of 
the right hemisphere stimulated, when the right eye moved to the left 
sharply, while the left eye either did not move, or merely shifted 


sluggishly up to the full primary position, but not beyond it. These — 


and other similar experiments lead this observer to conclude that the 
activity of the straight muscles of the eyeballs can be directly 
inhibited by appropriate excitation of certain parts of the frontal 
cortex, and still better, of the occipital region, of the hemisphere of the 
_ side opposite to the muscle. 

Such are the experimental researches which have dealt with the 
influence of the cerebral cortex on ocular movements in the monkey. I 


1 Sherrington. Proc, Roy. Soc, 1893, Vol, ram, p. 407. 
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EYE MOVEMENTS. | 


will now briefly allude to those investigations into the functions of the 
cerebellum which have pointed to any influence of the cerebellum on 
these movements. | 

One of the earliest records we have of experiments on the cerebellum 
is that by Saucerotte’, who, among other points, concluded that the 
eyes are innervated from this organ. But the position of the eyes after 
lesions of the cerebellum or its middle peduncles. was more fully 
described by Magendie*; who, experimenting on rabbits, found that 
section of one peduncle resulted in displacement of the eye on the same 
side downwards and forwards, and that of the opposite side upward 
and backward. When the peduncle of the opposite side was subse- 
quently divided the eyes returned to their normal positions. An 
incision into one side of the cerebellum, separating a fourth part of the 
organ from the remaining three-fourths, was responsible for the same 
displacement of the globes as after section of the peduncle on the same 
side. A similar incision subsequently practised on the opposite side 
was followed by return of the eyes to their normal positions. When the — 
cerebellar lesion was effected on the right side, and the left peduncle 
was afterwards divided, the eyes instead of returning to their normal 
_ positions after the second operation, assumed the position which is met 
with on section of the left peduncle alone. He also found that when ~ 
the cerebellum was divided into two lateral halves an extraordinary 
amount of agitation of the globes resulted. 

Gratiolet and Leven® appear to have been the next observers who 
had their attention called to the condition of the eyeballs after — 
experimental lesions of the cerebellum. They found that a vertical 
incision into the centre of one lateral lobe resulted in displacement of 
the opposite eyeball forward and upward, while that on the same side 
was displaced downward and backward. : 

Leven* working in conjunction with Ollivier produced lesions of 
- the cerebellum of guinea-pigs by passing a well-tempered steel needle 
through their skulls, and noted, among other symptoms, that strabismus 
resulted. 

Renzi’, experimenting on fishes, thought that the cerebellum 


1 Saucerotte. Prix de Académie royale de Chirurgie, 1769, Vol. tv. 

2 Magendie. Journ. de Physiol., 1824, Vol. rv. p. 399. 

3 Gratiolet and Leven. Compt. Rend. de l’ Acad. des Sc., 1860, Vol. 11. p. 917. 

4 Leven and Ollivier. Arch. Gén. de Méd. 1862, 8S. 2, T. xx. p. 513; 1863, 8. 6. 

* Renzi. Annal Univ. d. Méd. 1864, Vol. cuxxxvit. p. 47. 
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exercised an influence on vision by regulating the co-ordinated voluntary 
movements of the eyeballs. 

Weir-Mitchell’ found that most deep cerebellar lesions produced 
 squints. 

2 Ferrier’ obtained the following results when he practised electrical 
excitation of the cerebellum in dogs. When the pyramid was the 
region excited on one side both eyes moved to the opposite side; when 
the declive, they moved downwards and to the same side as the 
excitation when this was on one side, but when it was in the middle 
line both eyes moved downwards simply. | 

Excitation of the postero-superior lobule of one lateral lobe resulted 
in rotation of both globes upwards and to the side stimulated; while 
when the floccular region was stimulated the globes rotated on their 
antero-posterior axes, to the right or left according to the particular 
part stimulated. 

Luciani® found that extirpation of one lateral lobe caused both 
globes to turn towards the opposite side. He noted strabismus and 
nystagmus after removal of different parts of the organ; and he classes 
both the ocular deviations and the nystagmus among what he looks on 
as irritative phenomena, the result of the cerebellar lesion. 


III. Ocular movements represented in the cerebral cortex. 


As is clear from the historical account of the previous experimental 
investigations in this connection, none but the lateral movements of the 
globes have been obtained on cortical excitation by those who have 
preceded me in this field of research. This being the case, it occurred 
to Dr Hughlings Jackson that possibly the reason why none but the 
lateral movements of the eyes had been obtained on cortical excitation, 
might be that these movements are so much more powerfully repre- 
sented in the cortex, than any of the other ocular movements, that they 
_ overpower the latter when the eye-area is stimulated. He therefore 
suggested to me that I should first exclude the possibility of the lateral 
movements taking place, and then attempt to evoke the other ocular 
movements by excitation of the eye-area of one cerebral hemisphere‘, 


1 Weir-Mitchell. Amer. Journ. of Med. Sc. 1869, p. 320, 
2 Ferrier. The Functions of the Brain, 2nd Ed, 1886, p. 193, 
* Luciani. Il Cervelleto, Firenze, 1891. 


* Hughlings Jackson. Lancet, April 28th, 1894, 
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EYE MOVEMENTS. 7 


Accordingly, the external rectus muscle of the opposite eye and the 
internal rectus of the eye on the same side’ as the hemisphere / 
stimulated, were divided before the induced current was applied to the 
eye-area of the cerebral cortex, which procedure resulted in the demon- 
stration of the existence of the upward and downward movements of the 
eyeballs, together with certain other movements of the globes which 
were also evoked. In addition to dividing both the lateral recti ~ 
actively concerned in moving the eyeball to the opposite side, the 
external rectus of the opposite eye was alone divided in one series of 
experiments, and both lateral recti of the opposite eye in another series. 
The cerebral hemisphere to be excited was in all cases carefully exposed, 
great care being taken not to injure the cortex by pressure or otherwise. 
The dura mater was opened and a flap raised so as to expose the 
eye-area of the cortex, various points of which were stimulated by 
means of fine closely approximated platinum electrodes, attached to the 
secondary coil of a du Bois Reymond’s inductorium, supplied by a 
bichromate cell. 
The ocular movements evoked on cortical excitation under the 
various circumstances that have been detailed were :— 
| 1, A direct downward movement of both globes. 
q 2. A similar upward movement of both globes. 
| 3. A movement of both globes downward and to the opposite 
side, from the hemisphere stimulated. 
4. A similar movement upward and to the opposite side from 
that stimulated. 
5. A movement of convergence, both globes turning inwards 
towards the middle line. 
6. A direct lateral movement towards the side of the hemisphere 
stimulated. 
7. A movement upwards and to the same side. 
1. Direct downward movement. This could always be obtained 
with great definiteness, and the chief focus, excitation of which resulted 
in this movement, was just above the horizontal fissure of the precentral 
sulcus (see fig. 3.) The movement consisted in a simple direct | 
downward rotation of the globes without any evidence of convergence or d 
divergence, as far as could be observed. | 
2. Direct upward movement. This could also nb be obtained j 
with great precision, and the chief focus, excitation of which was 
followed by this movement, appeared to be slightly above and in front | 
of the preceding area (see fig. 3). Here again the movement was a 
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simple one, and did not contain any element of convergence or diver- 
gence, as far as could be ascertained. 

3. Rotation downward and to the opposite side. This combined 
movement was evoked on excitation of an area the chief focus of which 
is situated just in front of the vertical part of the pracentral sulcus, 
- just below the level of the posterior end of the horizontal sulcus 
temporarily called “w” by Beevor and Horsley (see fig. 3). In this 
case the eyeball did not move either directly downwards or in a 


Fig. 3. The external surface of the right half of the brain of Macacus 
sinicus is represented. The numbers denote the chief foci, excitation of which 
evoked movements of the eyes other than that of conjugate turning to the 
opposite side from the hemisphere stimulated. 1. Upward movement of both 
eyes. 2. Downward movement of both eyes. 3. Movement of both eyes 
upward and to the opposite side. 4. Movement of both eyes downward and 
to the opposite side. § 5. Convergence. 


horizontal plane towards the opposite side from the hemisphere stimu- 
lated, but assumed an intermediate position which partook of both a 
_ downward and a lateral movement of both globes towards the opposite 
side. 

4. Rotation upward and to the opposite side. The chief focus, 
excitation of which was responsible for this combined movement, was 
just below the horizontal fissure of the precentral sulcus (see fig. 3). 
Like the last movement, it was as it were the result of fusion of two 
simple movements, viz., simple horizontal movement of the globes to 
the opposite side, and a direct upward movement of them, the position — 
actually assumed by the eyeball being one — between me 
two, 


5. Convergence. Unlike the four movements which have been : 
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already described, this one was not constantly met with in all the 
experiments ; but when it was obtained it was quite distinct and left no 
doubt as to the precise nature of the movement. The focus, excitation 
of which evoked this movement, was situated in front of that excitation 
of which resulted in the combined movement of both globes downward 
and to the opposite side, occupying a position chiefly below and slightly 
above the hinder part of the horizontal suleus “w” which has been 
already referred to (see fig. 3). This movement consisted in a rotation 
of both eyeballs inwards, i.e., towards the middle line, and with a slight 
inclination downwards. 

The movements of the eyes towards the ‘side of the hemisphere 
stimulated occurred so exceptionally, and were so indefinite and 
inconstant even in the animals in which they were observed, that I 
do not feel justified in doing more than simply stating that I did 
exceptionally meet with what appeared to be movements of the globes 
towards the side of the hemisphere stimulated. 


IV. Reappearance of ocular deviations, artificially produced 
and recovered from, during narcosis. 


This subject had engaged my attention for some time in connection 
with ocular deviations, the results of cerebellar lesions, which had been 
recovered from; but Dr Hughlings Jackson suggested that I should 
pay attention to the subject in connection with displacements of the 
globes after cerebral lesions’. 

In these experiments an opening was made in the skull in the 
prefrontal region of one or other side, over that part of the cortex 
excitation of which evokes conjugate turning of the eyes to the opposite 
side in dogs. The dura mater over this region was incised, and a flap 
of it carefully raised, so as to expose the cerebral cortex without 
producing any injury to it. 

The exact area of the cortex excitation of which evokes conjugate 
turning of the eyes to the opposite side was next determined by means 
of the induced current applied to the surface of the brain through the 
medium of fine platinum electrodes, Part of the area thus mapped out 
was then excised, the cortex and white matter being removed to the 
depth of about an eighth of an inch. 

The external wound was closed, the edges of the skin flaps being 
united with aseptic horse-hair sutures, an antiseptic dressing was 


? Hughlings Jackson. Loc. cit. 
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applied, and the animal was allowed to recover from the effects of the. 
anesthetic. These operations were conducted under strict aseptic 
precautions, and while perchloride of mercury lotion (1—1000) was 
used for the external wound, nothing but boiled normal saline solution 
was employed after the dura mater was incised. 

The result of such an operation was to produce conjugate turning of 
the eyes towards the side of the lesion of the cerebral cortex, which 


- condition was however recovered from in course of time, As soon as it 


seemed certain that the globes were no longer in an abnormal position, 
the animal was anesthetised either by means of the inhalation of ether 
or of chloroform, and the position of the eyeballs kept under close 
observation throughout all stages of the narcosis, At first the globes 
remained in their normal position, but as the stage of so-called ‘surgical 
anesthesia was approached, and before the conjunctival reflex was 
abolished, both globes began to move into the abnormal position which 
resulted at first after ablation of the cortex, that is they assumed the 
position of conjugate turning towards the side of the cerebral lesion, in 
which position they remained until the animal became profoundly — 
under the influence of the anesthetic agent. When this stage of 
profound narcosis was reached the globes once more changed their 
positions. In order to facilitate description, let us suppose that the 
portion of cortex was excised on the left side, which resulted in 
conjugate turning of the eyes to the left, which condition had been 
recovered from, but had been reestablished during the earlier stages of | 
ether or chloroform narcosis, then in the stage of profound narcosis the 
left eyeball moved from a position of marked deviation outward to one 
of slight deviation in this direction, and the right eyeball moved from a 
position of deviation inward to one of slight outward deviation. In 
other words, the position of the eyes was then that which is character- 
istic of the stage of deep narcosis in normal dogs, one of a varying 
degree of divergence’. 

If the anesthetic was then discontinued and the animal allowed to 
recover, the eyeballs again assumed the position of conjugate turning to 
_ the side of the lesion, which they did before profound narcosis was 
induced, in which position they remained, to some extent, for a 
variable time within an hour or two after consciousness was recovered. 


1 Mercier and Warner, Brit. Med, Journ. March 10th, 1877, state that in man 
deep coma from anwsthetics and from other causes is attended by divergence of the 
eyes, and independent motion of them, 
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V. Position of the eyes of normal dogs during narcosis. 
(Control.) 


The necessity for careful control experiments in connection with the 
results which have just been detailed was obvious, so that a large 
number of normal dogs were subjected to the anesthetic influences of 
ether and of chloroform, and the positions of their eyeballs noted at 
various stages of the narcosis induced by one or other of these agents. 
It soon became evident that some care was necessary in order to 
discriminate between voluntary movements of the globes and the 
involuntary movements which occur at certain stages of the narcosis. 
_ It was found that if the animal was placed to lie on one side, while the 
anesthetic was being administered, it was apt to turn its eyes to the 
opposite side, in order to look at the person who was administering the 
anesthetic. That is, if the animal was placed on its right side, it was 
apt to turn both eyes to the left. When this movement occurred it 
always did so, so soon after the administration of the anzsthetic was 
- commenced, that there was little real difficulty of being certain that it 
was a voluntary movement. The movement in question took place very 
rarely, and when it did do so, it was always observed long before any 
sign of loss of consciousness, or rigidity, had supervened. In some 
animals, as consciousness was being lost, independent movements of the 
globes were observed’; as a rule the one eyeball moved into some 
position without its fellow participating in that or any other movement, 
while at other times both globes moved at the same time but in 
opposite directions, the resulting position being one of divergence of the 
globes in some cases. These independent movements of the eyes were 
by no means constant phenomena, and contrasted, in this respect, very 
markedly, with a deviation of the eyeballs which occurred with great 
regularity, and great constancy as regards the position asstmed by the 
globes at a later stage of narcosis. This deviation of the globes took 
place about the time when surgical anesthesia was about to be 
established, and consisted in a turning of both globes to one side, to a 
greater or less extent. In most dogs the eyes turned to the right, but 
in a few of those observed they turned to the left. Sometimes the 
deviation was well marked, at other times it was slight, while rarely it 
was not observed at all. As a rule the eye which moved outward 
appeared to be turned more than the eye which moved inward, so that 


1 Cf, Mercier and Warner. Loc, cit. 
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the eyes did not always appear to quite maintain their position of 
parallelism’, When profound narcosis was induced, the eye which was 
turned outward moved from its position of turning to the right (if this 
was extreme) to a position of slight turning in the same direction ; but 
if it was only slightly turned outward before, it did not materially alter 
its position, if, indeed, it did so at all. The eye which turned inward 
always moved from this position to one of slight turning to the left, so 
that the two globes diverged. This position was maintained up to the 
time of death; but like all the displacements of the eyeballs which 
have been alluded to, it varied in degree. In some dogs it was well 
marked, in others it was only slight, while in others it was difficult to 
say that there was even the slightest trace of divergence of the globes. 
Extreme divergence was never met with; and moderate divergence was 
the rule. 

When the dog was allowed to recover consciousness, the eyeballs 
simply gradually returned to their normal positions. There was no 
turning of the eyeballs in any one or other direction such as was met 
with in dogs recovering consciousness when ablation of part of the 
cortical centres for conjugate turning of the eyes to the opposite side 
had been previously performed. 


VIL The influence of the cerebellum on ocular movements. 


(a) Ocular deviations. After ablation of one lateral lobe of the 
_ cerebellum “skew deviation” of the eyes is usually observed while the 
animal is still under the influence of an anesthetic agent; the eye on 
the side of the cerebellar lesion is directed upwards and outwards, while 
the opposite eye is directed downwards and outwards. But when the 
effects of the anwsthetic have passed off, the globe on the side of the 
cerebellar lesion does not continue in its abnormal position ; the devia- 
tion of the opposite globe, on the other hand, persists for several days, 
as a rule, 

When both lateral lobes of the cerebellum were removed, and the 
middle lobe alone left intact, both eyeballs rotated downwards and to a 
variable extent outwards, which deviation persisted for some days, 
Excision of one half of the posterior part of the middle lobe of the 
cerebellum resulted in the eye of the same side as the lesion being 


1 This is a point on which it is difficult to be certain in dealing with such slight 
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turned outwards and downwards; while removal of the whole of the 
posterior part of the middle lobe was followed by downward deviation 
of both globes, and slight deviation outwards. 

~The only effect of total ablation of the cerebellum on the position of 
the eyes was to produce a — amount of downward rotation of 
both globes. 

All of these ocular Pee aes which result from ablation of the 
whole, or of parts of the cerebellum, are recovered from after a variable 
time, depending on the nature of the lesion from which they resulted. 
If after the globes had returned to their normal positions, ether or 
chloroform narcosis was induced in the animal the deviation of the eyes, 
previously consequent on the cerebellar ablation, was re-established. 

(b) Nystagmus. Another phenomenon, connected with the eyeballs, 
which is consequent on ablation of parts of the cerebellum, or of the 
whole organ, and which deserves consideration, is nystagmus. Two 
distinct forms of nystagmus are to be distinguished in this connection ; 
a spontaneous nystagmus which goes on in a definite direction, and 
quite irrespective of voluntary ocular movements, and the nystagmoid 

_jerks which only occur when the globes are moved voluntarily, and 
which then take place only in the direction in which the globes are 
turned. 

On ablation of one lateral lobe of the cerebellum, nystagmus is more 
or less constantly met with for a varying time after the operation, 
sometimes only persisting for a day or two. It is always lateral in 
direction, and consists in slow jerks towards the side of the cerebellar 
lesion, which appear to be more marked in the opposite eye, e.g., if the 
left lateral lobe of the cerebellum be removed the right eye deviates 
downward and to the right, and the nystagmoid jerks of both globes are 
from right to left. 

After removal of both lateral lobes of the cerebellum, nystagmus was 
met with which was upward in direction with a tendency for the upper 
segment of each globe to rotate from within out, at first. This 
spontaneous nystagmus was replaced by nystagmus which only occurred 
when the eyes were moved, and then the direction of it was that in 
which the eyes were turned; and in the course of two or three days 
there was no longer nystagmus of any description. 

Extirpation of one lateral half of the posterior part of the middle 
lobe occasioned nystagmus of both globes, the direction of the jerks 
being to the opposite side and slightly upward, so that if the left half of 
the posterior part of the middle lobe was excised, the left eye was 
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directed to the left and downward, while the nystagmus consisted in 
jerking of both globes to the right and slightly upward. 

When the whole instead of the half of the posterior part of the 
middle lobe was removed, the nystagmus was vertical, both globes being 
jerked in an upward direction, and sometimes it partook of an irregular 
rotatory character. 

After ablation of the whole of the cerebellum no aonbimins 
nystagmus was observed, but nystagmoid jerks occurred in connection 
with both globes, in the direction in which they chanced to be 
voluntarily moved. 

It was frequently danced that after nystagmus the result of 
cerebellar lesions had been recovered from, if the animal was placed — 
under the anesthetic influence of ether, the nystagmus returned at a 
certain stage of the anwsthesia. The stage at which this occurred was 
just as the globes were about to turn to one or other side; and the 
nystagmus quickly ceased as anssthesia deepened and the abnormal 
position of the eyes was established. This was observed even several 
months after ablation of one lateral lobe of the cerebellum. 


VIL Control experiments on the labyrinth and eighth nerve. 


_ These control experiments were instituted with a view to excluding 
the possibility of the effects obtained on removal of parts of the 
cerebellum, especially the lateral lobes, being wholly or in part due to 
interference with one or other, or both of these structures. 

The procedures adopted were :— 

1. Extirpation of the labyrinth on one side. 
2. Intracranial section of the eighth nerve on one side. 
3. Chemical irritation of the eighth nerve on:one side. 

As all these procedures were attended with almost identical results, 
they will be considered together ; but before doing so, it is necessary for 
me to explain that owing to the impossibility of exposing a sufficient 
length of the eighth nerve, to apply an irritant to it, without lifting up 
the lateral lobe of the cerebellum, the irritant was placed on the end of 
the nerve as it entered the labyrinth. Crystals of chloride of sodium 
were packed around the stump of the nerve, and kept in position by 

means of a plug of aseptic wool introduced into the labyrinth. 

The ocular displacement met with consisted in a rotation of the 
globe on the side of the lesion downwards. It was difficult to say 
whether there was in addition displacement of the globe outward, as 
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described by Bechterew’, or inward; sometimes the one, sometimes 
the other appearing to be the position, while at other times it was 
impossible to detect any but the downward displacement. Like 
Bechterew, I found that the opposite eye turned inwards, but I have 
not met with the upward rotation of this globe, which he also 


describes. 


Nystagmus was always well marked’, differed in character on the 
two sides, and varied according to the time after the operation that the 
observation was made. Directly after the operation there was usually 
upward nystagmus of the globe on the same side of the lesion, with a 
varying amount of the inward element, while the opposite globe was 
the subject of lateral nystagmus, the jerks being outward. The exact 
character of the nystagmus varied even in the same animal; for 
example, a dog who was the subject of nystagmus of the character just 
described, immediately after the operation, was observed to have well 
marked rotatory nystagmus of both globes two or three hours after the 
operation, the upper segment of the eyeball on the side of the lesion 
turning inward, while the same segment of the opposite globe rotated 
outward. | 


VIII. The effects of removing one lateral lobe of the cere- 
bellum and part of the eye-area of one cerebral hemi- 
sphere. | 


In one series of experiments part of the eye-area of one cerebral hemi- 
sphere was removed, and after some days one lateral lobe of the cere- 
bellum was extirpated; sometimes the lateral lobe on the same side was 
that removed, while at other times it was that on the opposite side. 
A second series of experiments consisted in removing one lateral lobe of 
the cerebellum in the first instance, and after the lapse of a few days 
part of the eye-area of the cerebral hemisphere of the same or opposite _ 
side was excised. In a third series of experiments one lateral lobe of 
the cerebellum and part of the eye-area of the same side were removed 
at the same time. 

1, Ablation of part of the eye-area of one hemisphere, followed by 
extirpation of the opposite lateral lobe of the cerebellum. 

Having ascertained to which side the eyes turned in the stage of 


Bechterew. Pfliiger’s Archiv, 1883, Vol. xxx. p. 312. 
C.F. Cyon, Pfliger’s Archiv, 1874, Vol. vu. p. 306; Higyes, Ibid. 1881, Vol. 
xxvi, p. 558; Bechterew, loc, cit.;-Sewall, This Journal, 1884, Vol. rv. p. 339, &. 
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ether narcosis in which ocular deviation is met with in normal dogs, part 
of the eye-area, on which that movement is supposed to depend, was 
excised. The result of this operation was to cause the eyes to turn in 
the opposite direction, i.e. towards the side of the lesion. As soon as 
the globes had returned to their normal position when at rest, the 
opposite lateral lobe of the cerebellum was extirpated. The result of 
this second operation was to produce a deviation of the eye on the side 
of the cerebral lesion outwards and to a varying degree downwards, 
while as far as could be seen there. was no appreciable effect on the eye 
on the side of the cerebellar lesion, i.e. it remained approximately in its 
normal position after all influence of the anesthetic had passed off. 
To make this point clearer, let us suppose that before any operation had 
been performed the dog’s eyes turned to the left, at the particular stage 
of ether narcosis. Part of the eye-area of the right cerebral hemisphere 
was removed, which resulted in turning of both eyes to the right. In 
a few days, when the eyes had returned to their normal positions, the 
left lateral lobe of the cerebellum was removed, and while the left eye 
did not appear to be affected by this second operation, the right eye 
- turned to the right with a more or less downward inclination. 

In other words the effect produced by removal of one lateral lobe of 
the cerebellum in an animal deprived of part of the eye-area of its 
opposite cerebral hemisphere was practically the same as the effect 
produced in an animal whose eye-areas in the cerebrum were intact. 
The only point with regard to which I have any doubt is as to whether 
the amount of downward rotation of the opposite eyeball is as pro- 
nounced as when the operation of removing one lateral lobe of the cere- 
bellum is practised in otherwise intact dogs; but as this factor is a 
variable one even in such dogs, it is of course impossible to be quite 
certain on this point. 


2. Ablation of part of the eye-area of one cerebral hemisphere, and 
subsequent extirpation of the lateral lobe of the cerebellum on the same 
The same preliminaries were gone through as in the former experi- 
ments, and when the eyes had returned to their normal positions, some 
days after ablation of part of the eye-area of one cerebral hemisphere, 
the lateral lobe of the cerebellum on the same side was removed. The 
effect of this second operation was apparently nil as far as the eye on 
the same side was concerned, and whereas the opposite eyeball turned © 
? outward, it did so only to a slight extent, and certainly not to the 
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extent which one is accustomed to meet with i in dogs whose cerebral 
eye-areas are intact. 

For example, suppose the dog’s eyes turned to the left at the stage 
of ether narcosis that has already been described, and part of the eye- 
area of the right cerebral hemisphere was removed, the eyes then turned 
to the right. After they had returned to their normal positions the 
right lateral lobe of the cerebellum was excised when the right eye was 
apparently unaffected, and the left eye, while turning to the left, did so 
to a much slighter extent than is usually the case when the right lateral 
lobe of the cerebellum is removed in a dog whose cerebral eye-areas are 
intact. ° 

8. Extirpation of one lateral lobe of the cerebellum, and subsequent 
removal of part of the eye-area of the opposite cerebral hemisphere. 

These experiments yielded results which were in keeping with those 
in which the eye-area of one cerebral hemisphere was first removed, and 
the opposite lateral lobe of the cerebellum excised at some subsequent 
period. If the dog’s eyes turned to the left under ether narcosis before 
any operation had been performed, ablation of the left lateral lobe of 
the cerebellum did not appear to affect the left eye; while the right 
deviated outward that is to the right, and downward. After the right 
eye had returned to its normal position, ablation of part of the eye-area 
of the right cerebral hemisphere resulted in both eyes turning to the 
right. 

4. Eatirpation of one lateral lobe of the cerebellum and subsequent 
removal of part of the eye-area of the cerebral hemisphere on the same 
side. 


Here again the results were in harmony with those obtained when 
part of the eye-area of one cerebral hemisphere was first excised, and 
the lateral lobe of the cerebellum on the same side subsequently removed. 
Excision of the left lateral lobe of the cerebellum in a dog whose eyes 
formerly turned to the left in ether narcosis, resulted in the right eye 
turning to the right and downward, while the left eye was apparently 
unaffected. When the right eye had returned to its normal position, 
after the lapse of some days, part of the eye-area of the left cerebral 
hemisphere was removed, when the left eye turned to the left, while the 
right eye only turned to a very slight extent, if at all, in the same 
direction. So that while the left eye behaved as in a dog whose cere- 
bellum was intact, the right eye did not do so, for instead of turning to 
the left to the same extent as did the left globe, it wena turned at all 
in that direction. 


PH. XVII. 2 
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5. Ablation of part of the eye-area of one cerebral hemisphere, and 
extirpation of the lateral lobe of the cerebellum on the same side, at the 
same | 
The effect of this double operation was to cause no appreciable 
turning of the opposite eye from its normal position, while that on the 
same side turned to the same side; a result in keeping with the last 
experiments detailed. That is, removal of part of the eye-area of the 
right cerebral hemisphere, together with the right lateral lobe of the — 
cerebellum, did not cause the left eye to move to any appreciable extent 
from its normal position, while the right eye turned distinctly to the 
right. Thus the right eye behaved as in an otherwise intact dog. whose 
eye-area had been excised from the right cerebral hemisphere, while the 
left eye behaved quite otherwise, for it did not accompany its fellow in 
its turning to the right. The double effect of the cerebral operation 
which would have caused it to turn to the right, and of the cerebellar 
operation which would have been to result in its turning to the left, 
being to leave it practically in its normal position. 


IX. Discussion of the results. 
1. Ocular movements represented in the cerebral cortex. 


The results obtained in this connection leave no doubt that, as it was 
only natural to suppose, all the movements of the eyeballs are repre- 
sented in the cerebral cortex, and not only lateral movement to the 
opposite side; that is away from the cerebral hemisphere stimulated. 

- Dr Hughlings Jackson’s suggestion, as to the probable explana- 
tion why under ordinary circumstances none but the lateral movements 
of the eyes to the opposite side can be elicited on excitation of the one 
cerebral hemisphere, appears to be the correct one. The fact that when 
lateral movement to the opposite side has been excluded, other move- 
ments of the eye can be evoked on excitation of an area in the cortex, 
which when stimulated, with the muscles whose actions bring about 
movement of the globes to the opposite side intact, invariably results in 
this movement alone being performed, is strong evidence in favour of 
the supposition that the lateral movement of the eyes to the opposite 
side is so powerfully represented in the cortex that it overpowers all 
other movements of them. The other ocular movements are as truly 
represented in the cortex as is the lateral movement of the globes to 
the opposite side; the only difference is a question of degree in their 
representation, the latter being more powerfully, or more — repre- 
sented than any other ocular movement. use 
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‘Reappearance of ocular deviations, artificially produced 
| and recovered from, during narcosis. 


The results of those experiments in which ablation of part of the 
centre for conjugate turning of the eyes to the opposite side was per- 
formed, are of interest in several respects. In the first place they 
illustrate how readily compensation takes place after a destructive lesion 
of a part of the central nervous system, for we have seen that whereas 
the first effect of such a lesion was the establishment of a position of 
the eyeballs in which they both turned towards the side of the injured 
cortex, in a few days this abnormal position of the globes no longer 
existed. According to the generally accepted views, the original turning 
of the eyes is the result of unantagonised action of the muscles which 
normally move the globes in that direction, and which are innervated 
by the intact hemisphere; but in what way compensation is brought 
about, when the deviation is recovered from, is open to speculation. 
The readiest explanation which offers itself is that as only part of the 
centre for the movement has been removed, the remaining parts take on 
the work of the parts destroyed, by a process akin to hypertrophy. 
Another possible explanation is that compensation is brought about 
through the agency of the opposite cerebral hemisphere, the paresed 
muscles obtaining an increased supply of energy from it. A third possi- 
bility which suggests itself is that the compensation is brought about 
through the agency of the cerebellum ; and a fourth is that the compen- 
sation is the direct result of an altered condition of the centres of the 
opposite cerebral hemisphere, but that instead of its being the result of 
an increased supply of energy to the paresed muscles from the centres, 
_it is due to a diminished output of energy to the intact muscles which 
are mainly innervated from this hemisphere. 

In the present state of our knowledge on this. ver it would be 
hazardous to venture any definite opinion as to whether any of the 
possibilities suggested are responsible for the compensation, and if so to 
which of them it is to be ascribed. But by examining each a little more 
in detail, we can, I think, come to some conclusion as to which of the 
explanations suggested appears to be the most likely. 

_ There would be little to urge against the first explanation offered, 
were it not for the fact that compensation results even after removal of 
the whole of the cortical area of one hemisphere excitation of which 
results in movement of the eyes, though the globes take a much longer 
time to return to their normal position. This fact does not however 
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wholly exclude the possibility that compensation is brought about by 


the remaining cells which are concerned with the production of the 


- movement which is temporarily lost, for the representation of the 


movement may be more extensive than the results of electrical excita- 
tion of the cerebral cortex would lead us to suppose. Dr Jackson is of 
opinion that this movement may be also represented in the so-called arm 
and leg areas’. 

The second explanation suggested as possibly accounting for the way 
in which the compensation results, is to my mind one of the least likely. 
The degree to which movements of the eyes to the same side are repre- 
sented in a cerebral hemisphere must be exceedingly slight. When 
detailing the results of electrical excitation of the eye-area of one 
hemisphere, we saw that great uncertainty existed as to whether there 
was ever any definite movements of the eyes to the side of the hemi- 
sphere stimulated, so rarely was even a suspicion of such movements 
met with. So that it seems to me improbable that compensation is 
brought about by the intact hemisphere taking on the action of the 
damaged one. 

The third explanation which points to the cerebellum as the possible 
source from which the energy is derived for compensation, is not so 
easily dismissed. It is quite possible that the compensation is brought 
about through the agency of the opposite lateral lobe of the cerebellum. 
Ferrier*® found that electrical excitation of one lateral lobe evoked 
movement of both eyes to the same side; Luciani’ found that both 
eyes turned to the opposite side after ablation of one lateral lobe; and 


in my own experiments ablation of one lateral lobe resulted in displace- 


ment of the opposite eye to the opposite side. All these observations 
point to one lateral lobe of the cerebellum as exercising a somewhat 
similar influence on the ocular muscles as that exercised by the opposite " 
cerebral hemisphere. So that when the cerebral influence has been 
removed it is possible than an additional amount of cerebellar energy is 
liberated to compensate for the want. 

The fourth or last explanation that has been put forward is also one 
which bears closer investigation. It is not extravagant to suppose that 
the amount of moter energy liberated by any centre is proportional, 
within certain limits, to the amount called for; and that just as the 
amount of power may be voluntarily varied, so in the case of a constant 
involuntary liberation of energy the amount may be varied, the varia- 
tion in this case being brought about reflexly. To apply this principle 

1 loc. cit, loc. cit, 3 loc. cit. 
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to the case in point, we should have to suppose that the amount of 
energy liberated by the centres for moving the eyes in one direction is 
called forth reflexly by the amount of tension to be overcome in the 
muscles which tend to move it in the opposite direction, and vice versa, 
the two conditions equalising each other under normal conditions. — 
When the amount of tension is diminished in one set of muscles, as a 
result of destruction of part of the centre which supplies them with 
motor power, the reflex call on the centres which innervate the opposite 
muscles is diminished, so that the centres gradually accommodate 
themselves to a diminished output of energy just sufficient to anta- 

gonise the amount put out by the damaged hemisphere, and not the 
- amount which was normally required to bring about a state of 
equilibrium, and which resulted in apparent overaction, which was in 
reality the result of under action of the damaged hemisphere. 

These experiments are of further interest in that after the eyes had 
returned to their normal position they could be made to assume the 
abnormal position which originally resulted from ablation of part of the 
eye-area of one cerebral hemisphere, by placing the animal under the 
anesthetic influence of ether or chloroform. The reappearance of 
the ocular displacement during narcosis, appears to me to confirm . 
Dr Hughlings Jackson’s view that after destruction of part of the 
cortical representation for eye movements certain nervous arrangements 
for some ocular movements are lost for ever’. It thus appears that 
after removal of part of the eye-area of one cerebral hemisphere the 
nervous arrangements for certain movements for turning the eyes to the 
opposite ‘side are permanently lost, so that when the animal is placed 
under the influence of an anesthetic the few remaining nervous 
arrangements for ocular movements are abolished before the whole of 
those for ocular movements represented in the intact hemisphere share 
the same fate, the result being that the eyes are turned from the intact 
hemisphere towards that part of whose eye-area has been destroyed. 


a Position of the eyes of normal dogs during narcosis. 


These control experiments make it evident that under normal 
circumstances the cerebral centres in the two hemispheres do not 
succumb simultaneously under the narcotising influence of ether or 
chloroform. It. seems highly probable that the reason why the eyes 
turn to one side at a certain stage of the narcosis is because the ocular 


1 Hughlings Jackson. Brit. Med. Journ, July 14th and 21st, 1888. 
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representation is unequal in the two hemispheres, that in which there 
are fewer nervous arrangements for turning the eyes to the opposite 
side giving out first’. This fact would at first sight appear to detract 
from the observations made after ablation of part of an eye-area of a 
hemisphere, in which ocular displacements that had been recovered 
from were reproduced under the influence of an anzsthetic. But in 
reality it does not alter the significance of those observations, for we 
have seen that the eyes of an animal which turn, we will say to the right, 


: under the influence of an anzsthetic when the cortical centres are 


intact, turn to the left under the same influence after part of the eye- 
area of the left cerebral hemisphere has been removed, even when no 


displacement of the globes can be detected when the animal is not 


under the influence of an anesthetic. 
Another point worthy of notice in this connection is the fact that 
when a dog whose cortical eye-centres are intact, is recovering from 


_ profound narcosis, the eyes do not turn to one or other side before 


returning to their normal position, as is the case with dogs who 
have been deprived of part of the eye-area of one cerebral hemisphere. 

This turning of the eyes to one side in normal dogs under the 
influence of an anesthetic, lends weight to the explanation which has 
been offered to account for the ocular displacement produced by 
ablation of part of one eye-area and recovered from, but reappearing 
under the influence of an anesthetic, for the mechanism by which the 
displacement is brought about is probably similar in the two cases. 

The position of slight divergence assumed by the globes in most 
cases when the animal is profoundly under the influence of the 
anesthetic is evidently due to all the centres which exercise any 


influence on the muscles of the eyes being as it were drowned, so that 


the globe simply settles in that position without being pulled on by 


any of the ocular muscles, all of which are completely out of action. 


4. The influence of the cerebellum on ocular movements. 


(a) Ocular deviation. Strabismus or ocular deviation of any kind, 
the result of ablation of part of the cerebellum, is usually ascribed to 
irritation, by the lesion, to the damaged nerve fibres or remaining nerve 
centres; but I have urged elsewhere* that this view is not in keeping 
with what-we find in other parts of the central nervous system. After 


1Cf. Hughlings Jackson. Lancet, April 28th, 1894: 
3 Proe. Roy. Soe. 1894, Vol. LY, p- 57. 
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ablation of part of the eye-area in one cerebral hemisphere, both eyes 
turn towards the side of the lesion; now no one would think of 
ascribing this phenomenon either to irritation of the injured nerve 
fibres or of the remaining nerve cells which are concerned in the 
production of the movement, for we are well aware that irritation of 
this kind would produce turning of the globes in exactly the opposite 
direction. We therefore attribute the phenomenon to the action of the 
opposite cerebral hemisphere whose influence is no longer sufficiently 
antagonised, owing to the deficiency which has been produced in the 
hemisphere toward which the eyes are turned. Why then, if this be 
true of the cerebrum, should it not be also true for the cerebellum? I 
see no reason. Strabismus, or ocular deviation of any kind, consequent 
on ablation of part of the cerebellum appears to me to be as truly a 
negative condition, as a similar displacement of the globes following 
ablation of part of the cerebrum. What part of the central nervous 
system is more prone to discharge, when irritated, than is the cortex 
cerebri? Why then should operations be capable of being performed 
_on the cerebral cortex without producing so called irritative effects, 
while operations in every way similarly conducted on the cerebellum, | 
should give rise to such marked irritation phenomena ? 

. Tam supported in my view that strabismus, or any form of ocular 


deviation, after ablation of part of the cerebellum is a paralytic rather — 


than an irritative phenomenon by the fact that direct excitation of the 
intact organ, either mechanically or electrically, evokes movement in 
exactly the opposite direction to that to which the globes turn when 
ablation of the same area of the cerebellum is performed. A comparison 
of Ferrier’s’ results, on electrical excitation of the lateral lobe of the 
cerebellum in the dog, with Luciani’s’ and my own, after ablation of 
this part of the organ in the same animal, illustrates this point well. 
Like all other paretic symptoms which result from destruction of parts 
of the cerebellum, it is open to question whether the effect is due to the 
taking off of some direct* influence of the cerebellum from the muscles, 
or whether it is due to an indirect effect.on the muscles brought about 
through the agency of the cerebral hemisphere of the same, or opposite 
side, by the removal of some cerebellar influence from the cells of the 
cerebral cortex. That the cerebellum exercises an important action on 
the cerebral cortex, I have shown elsewhere*; the results of my 


doe. 2 loc. cit. 
By “dire” mean trough lower as opposed to any 
through the cortex cerebri. doe: ett, 
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experiments appearing to prove that one lateral half of the cerebellum 
controls the cortical cells of the opposite cerebral hemisphere. The 
probable paths by which such impulses pass have been traced, by the 
degeneration method, as far as the optic thalamus beyond which point 
they have not been traced upwards. In like manner, when considering 
the possibility that the effect is the result of the direct removal of a 
cerebellar influence from the muscles, no continuous paths along which 
such influences could travel can be traced by the degeneration method. 
It is true that Marchi’ has traced degenerated fibres from the 
cerebellum to all the cranial nerves; but like Ferrier and Turner’, 
I have been unable to confirm this observation. However, we are well 
aware that continuous paths are by no means necessary for the con- 
duction of impulses, and that throughout the central nervous system 
the rule is that breaks occur in paths by the interposition of nerve cells 
at certain levels, so that as far as paths are concerned the effects may 
be quite well brought about either directly, or through the agency of 
the opposite cerebral hemisphere, That the effects are, however, not 
brought about through the agency, at any rate of the cells of the eye- 
area of the opposite cerebral hemisphere, is clear from the fact that 


_ when part of the eye-area of one cerebral hemisphere has been removed, 


and the opposite lateral lobe of the cerebellum is subsequently excised, 
the deviation of the eyeball consequent on the cerebellar lesion is 
practically the same as that met with when one lateral lobe of the 


_ cerebellum is removed in a dog whose cortical eye-areas are intact. 


This and other facts to be presently considered make it more probable 
that the abnormal position of the globes met with after ablation of 
parts of the cerebellum, is due to the taking off of some cerebellar 
influence directly exerted on the ocular muscles, rather than to any 
indirect effect brought about through the agency of the cortex of the 
opposite cerebral hemisphere. And that this direct effect is of a 
paralytic rather than irritative character, is put beyond question by 
the fact that after the eye has returned to its normal position it can be 
made to assume the abnormal position again under the influence of 
ansthesia induced by ether. That a paralytic condition should show — 
itself again under the influence of an anesthetic, is easy of explanation ; 


but that an irritation phenomenon should do s0, is contrary to all we 
know of such conditions, 


1 Marchi. Riv. Sper. d. Fren. e Med. Leg, A. xu. 1886, F. 
A. xvi. 1891. 


® Ferrier and Turner. Proc, Roy. Soc, 1893, Vol. trv. p. 476. 
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(6) Nystagmus. With regard to nystagmus the result of ablation 
of parts of the cerebellum, it is clear that we have to deal with two 
entirely different phenomena. The one is spontaneous and probably an 
irritation phenomenon, possibly reflexly induced; and the other is only 
evoked on voluntary movements of the globes, and is in all probability 
a paralytic phenomenon due to weakness of the muscles producing the 
movement of the eyes in any given direction, or due to weakness of the 
antagonists of these muscles. 

The mechanism of the nystagmus which has been recovered from, 
and which reappears under the influence of an anesthetic, is not easy 
to explain. It may be explained by supposing that had there been no 
cerebellar defect the eyes would have turned in a certain direction, but 
owing to the cerebellar defect they are inclined to turn in the directly 
opposite direction, and that as both influences are being simultaneously 
exercised on the globe nystagmus results, That is, first the one 
influence predominates, and then the other, in quick repeated suc- 
cession, until the more powerful eventually prevails, and the globe is 
fixed in an abnormal position. Or it may be that there is a tendency — 
for the eyes to turn in a certain direction, which is in keeping with 
their behaviour in normal dogs during narcosis, and that the cerebellar 
influence steadies the movement by acting antagonistically to it 
under normal circumstances, so that when it is wanting unsteadiness 
amounting to nystagmus results, 

From either of these explanations it will be seen that I am inclined 


to class this form of nystagmus as a paralytic one, and not as an 
irritation phenomenon. 


5. Control experiments on the labyrinth and eighth nerve. 


The results of these control experiments make it clear that the 
effects obtained after ablation of parts of the cerebellum are in no way 
dependent on any interference with the labyrinth and eighth nerve. 
The operation on the cerebellum most likely to be attended with any of 
these labyrinthine structures is that in which one or other lateral lobe 
of that organ is removed. Now after ablation of one lateral lobe of the 
cerebellum the opposite eye is displaced downwards and outwards, 
whereas after lesions of the labyrinth and eighth nerve it is displaced 
inward, and according to Bechterew’, also upward. The eye on the 
same side as the lesion we have seen returns to its normal position after 


1 loc. cit. 


4, 
“eg 
4 
4 
“2 
A 
& 
if Fy 
“a 
- 


‘ 26 J. 8. RISITEN RUSSELL. 

the effect of the anzsthetic has passed off, when the lesion is cerebellar, 
but when it is labyrinthine the ocular deviation persists; and even 
when the eye is in an abnormal position after ablation of the lateral 
lobe of the cerebellum, and before the effect of the anwsthetic has 
| passed off, it is turned upwards and outwards, while after lesions of the 
| | labyrinth and eighth nerve it is turned downwards, and according to 
Bechterew also outwards. So too the nystagmus is of a totally 
different character in the two cases. 


6. The effects of removing one lateral lobe of the cerebellum and — 
part of the eye-area of one cerebral hemisphere. ota 


The fact which appears to be best established by these experiments 
is that the influence exerted on the ocular muscles of the opposite eye, 
by one lateral lobe of the cerebellum and the cortical cells of the 
eye-area of the cerebral hemisphere on the same side as the lateral lobe 
of the cerebellum, antagonise each other. That is, while the one 
influence prevents the eye from being moved in one direction, the other 
prevents it from being moved in the exactly opposite direction, so that 
when either influence is lost separately, an abnormal position of the 
eyeball results, while when both are simultaneously removed, no such 
abnormal position of the globe is met with, its position being practically 
normal. Another way of stating the condition would be to say that one 
lateral lobe of the cerebellum and the opposite cerebral hemisphere 
exert a combined influence which tends to move the eye in one 
direction, while the other lateral lobe of the cerebellum and other 
cerebral hemisphere are responsible for an influence which tends to 
move the eye in an exactly opposite direction, These two influences 
antagonise each other; take away the whole of one, and the other 
predominates and causes the eye to assume an abnormal position; take 
away half of each, and the remaining halves antagonise each other. 
The last is the condition met with when part of the eye-area of one 
cerebral hemisphere and the lateral lobe of the cerebellum on the same 
side, are removed at the same time. 

Another point which is made clear by these experiments is one that 
has already been discussed, viz. that the cerebellum exercises a perfectly 
independent action on the ocular muscles, its influence being a direct 
one, and not one brought about indirectly ap the 7: of the 
opposité cerebral hemisphere. 
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EXPERIMENTAL NOTE ON TWO MOVEMENTS OF 
THE EYE. BY C.S. SHERRINGTON, M.A,, M.D., F.RS., 
Lecturer on Physiology, St Thomas's Hospital, London. : 


In the monkey, an animal in which the optic axes are parallel, if IIrd 
and [Vth cranial nerves of one side, e.g. left, have been severed, so that 
rectus externus remains the only unparalysed ocular muscle, appropriate 
excitation of the cortex cerebri produces conjugate movement of both 
eyes toward the opposite side’, i.e. from left toward right, the left eye 
travelling however only so far as the median line. Inhibition of the 
tonus and of the active contraction of rectus externus can thus be elicited 
from the cortex. The reaction is obtainable from all that portion of the 
cortex which on excitation gives conjugate lateral deviation of the eyes, 
i.e, from the area discovered by Ferrier in the frontal region, and from 
that discovered by Schafer in the occipital region. 

As regards the question, Where does the action of arrest take place, 
is it cortical or subcortical? the following observations show that it is 
at least-in many cases the latter, and that the cortex is not conontial to 
the reaction. 

The arrest is obtainable from the frontal area after complete removal 
of the occipital lobe. It is conversely obtainable from the occipital area 
after complete removal of the frontal area. 

After a deep frontal section across the hemisphere and into the lateral 
ventricle (partly entering the internal capsule) so as to sever occipital 
from frontal cortex in the manner practised by Munk and Obregia’* 
the reaction is obtainable undiminished from both the frontal and from 
the occipital areas separately. 

It is obtainable from the corona radiata underlying the frontal 
cortex after complete ablation of the frontal cortex itself. It is 
obtainable from the corona radiata running downwards and forwards 
from the occipital cortex after free removal of the latter. 3 

It is obtainable by direct excitation of the internal capsule ‘itself. 

1 Sherrington. - Royal Society Proceedings, Vol. xxxv. p. 407. 
* Sitsungsb. d. Berlin, Akad. d. Wiss. Jan. 23, 1890. 
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28 C. S. SHERRINGTON. 
From the internal capsule it is elicitable at two distinct places, one in 
front of the other behind the genu of the capsule. 

It is obtainable by excitation of the cross-section of corpus callosum 
about 3—5 millimeters behind the genu; also from corpus callosum 
at the splenium. The section was laid bare as in Mott and Schafer’s — 
second method’. The reaction as obtained from corpus callosum has 
in my hands proved comparatively irregular. 

It is evident from the above that the grey matter of the cortex is 
not essential to the phenomenon. The action of arrest may take place, 
and probably does so usually, in centres which are subcortical. 

In my previous note it was stated on the strength of observations 
extending to not longer than 48 hours after the performance of section 
of the nerves, that the inhibition occurs in volitional lateral deviation 
as well as under experimental excitation, but less perfectly. I have now 
observations made after complete recovery from the operative dis- 
turbance. In these animals (two) if the gaze was attracted to an 
object, e.g. food, held level with the eyes and to the right of the median 
plane (left I[Ird and IVth nerves cut) the left eye looked straight 
forwards, the right looked to the right. If the object was then shifted 
more to the right or less to the right, the right eye followed it moving 
as the object was moved, while the left eye remained motionless looking 
straight forwards all the time. But, when the object was held to the 
left. of the median plane both eyes were directed upon it, apparently 
quite accurately. When the object was shifted further and further to 
the left both eyes followed it with a steady conjugate movement not 
detectably different from the normal. When the object was carried — 
from the left-hand verge of the field back toward the median plane both 
eyes followed it as accurately as before. If the object was moved 
suddenly from the extreme left-hand edge of the field up to the median 
plane both eyes immediately and apparently equally quickly reverted to 
parallelism with that plane. Or, if the object were suddenly brought 
back from the left edge of the visual field to some point intermediate 
between that and the median plane both eyes at once shifted apparently 
equally quickly to a correspondingly diminished deviation from the 
primary position. These actions must mean that in the left eye relaxa- 
tion of rectus externus kept accurate time and step with contraction of 
rectus externus of right eye. And the action of the left rectus externus 
gives presumably @ faithful picture of a synchronous process going 
forward in the right rectus unternus, 


1 Brain, p. 174, 1890. 
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From the above it seems clear that this inhibition which can be 
elicited by experimental excitation of the grey cortex and of the 
underlying white matter is fully and habitually exercised in volitional 
eye movements. I have seen it also in some forms of nystagmus. __ 

For the eyeball under simple relaxation of a rectus muscle to revert 
from a direction of deviation back to the primary position, its setting in 
the orbit must be such that the tensions of its connections, apart from 
active contraction or nervous, tonus in its extrinsic muscles, are in 
equilibrium only when the globe is in the primary position. That this 
is so can be shown in various ways. Thus if the III, IV, and VI nerves 
are all severed the eyeball assumes the primary position. If the eye- 
ball be then rotated by the finger, or fixation forceps, to right or left or 
up or down, a considerable resistance is felt, and on letting it go the 
globus springs back at once to the primary position. So also in chloro- 
formisation. In the early stage of chloroformisation the eyes enter 
various positions of squint—in the monkey the most usual position is 
bilateral divergence upward and outward ; in a monkey in which left IIT 
had been severed twelve days previously the preliminary squint of the 
left eye was directly outwards while that of right was as usual outwards 
and upwards. When the narcosis has become profound the eyes revert 
to parallelism in the primary position. On then being displaced by 
the finger they at once swing into the median position again. So also 

immediately after death and before rigor mortis has set in. 
' Another case in which antagonistic correlation may be examined is 
that of the muscles which open and close the palpebral aperture. These 
are at least potentially antagonistic. In my monkeys after intracranial 
section of the IIIrd nerve the eyelid drooped permanently to the middle 
of the pupil. Under volitional action the opening of the right eye was 
never once seen to be accompanied by any movement at all in the lids 
of the left. In blinking the opening after momentary closure was as 
rapid on the left side as on the right. That is to say there was no 
evidence of any cooperative contraction of the antagonist muscles under 
volition any more than under experimental cortical excitation or during 
epilepsy’. 


1 Cp. Roy. Soc. Proc, loc. cit. p. 145. 
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ON THE MODE OF ACTION OF LYMPHAGOGUES. 
By ERNEST H. STARLING, M.D., M.R.C.P., Joint Lecturer 
on Physiology at Guy's Hospital, and Grocers’ Research Scholar. 
(Plate I., and 1 Figure in Text.) 


(From the Physiological Laboratory, Guy’s Hosptuat) 


IN a paper published last year under a similar title’ I recorded the 
results of experiments made in Heidenhain’s laboratory in 1892, 
dealing with the action of ‘peptone’ on lymph-formation.. From the 
fact that, after the injection of peptone into the circulation, the 
percentage amount of peptone in the lymph might rise above that 
in the blood, I concluded that peptone acted as a specific stimulus 
to the endothelial cells of the blood vessels, and that, as Heidenhain 
had concluded from a long series of experiments, the lymph was to be 
looked upon as a secretion rather than as a transudation. 

Since the publication of the above, a renewed examination’ of 
-Heidenhain’s experiments involving mechanical interference with 
circulation has shown that these experiments do not justify his conclu- 
sions, and that in fact their results may be explained if we look upon 
lymph-production as dependent on two factors—viz, intracapillary 
pressure and permeability of the vessel wall. It became imperative 
then to submit the action of lymphagogues to a fresh investigation in 
order to see how far the conclusions arrived at in my paper “On the 
Influence of mechanical Factors on Lymph-formation” hold good when 
applied to the explanation of the action of these bodies. 

_ The lymphagogues described by Heidenhain® are substances which, 
injected into the blood-stream, cause an increased flow of — from 
the thoracic duct. He divides them into two classes. 

The first class includes substances such as peptone, ee extract, 
cray-fish extract, etc. These bodies cause an increased flow of more 
concentrated lymph. The plasma of the blood is diminished in ‘quantity, 


1 This Journal, x1v. 131, 1893. 2 This Journal, xv1. 224, 1894. 
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and the amount of solids it contains is also diminished. Long continued 
obstruction of the thoracic aorta annuls their action (from injury to the 
secretory endothelium of the abdominal vessels). The increased lymph- 
flow is derived from the blood. 

The second class includes crystalloids such as sugar, salt, etc. These 
increase the lymph-flow, the lymph becoming more watery than before. 
The blood at the same time becomes also more watery, so that the 
excess of lymph cannot be derived from the blood but must come from 
the tissues. Some time after the injection of sugar, the percentage 
amount of this substance in the lymph rises higher than that in the 
blood plasma. Long continued obstruction of the aorta does not annul 
‘the action of these bodies. I will commence with a discussion as to 
the mode of action of substances belonging to this class, since they are 
simpler both in their constitution and their effects than the members 
_of the first class of lymphagogues. 


The Second Class of Lymphagogues. 


Heidenhain would explain the action of these substances in the 
following way. When the blood containing a large excess of, say, sugar 
arrives at the capillaries, the cells forming the walls of these tubes seize 
on the sugar and excrete it on the other side into the lymph-spaces. 
Arrived here in a concentrated solution it robs the tissues of water, so 
that the volume of the interstitial fluid is largely increased, and the 
excess flows away and gives rise to the largely increased lymph-flow. 
At the same time water passes from lymph to blood by a process of 
diffusion (?) and the blood also becomes largely diluted. According to 
Heidenhain, the increased lymph-flow cannot be brought about by a 
process of filtration, since the arterial pressure is practically unaltered 
by the injection of sugar. 

In previous papers however I have insisted on the absolute in- 
adequacy of a simple determination of the arterial pressure to decide 
the question whether the lymph-flow is or is not determined by 
intracapillary pressure. Thus, for example, in hydremic plethora, the © 
arterial blood-pressure is almost unchanged. Under these circumstances 
however, as Bayliss and I have shown’, there is a large rise of pressure 
in the portal vein and vena cava, and a corresponding rise of pressure in 
‘the capillaries of ‘the abdominal organs, and I have shown that the 
increased lymph-flow is determined almost entirely by the rise of 


* This Journal, xvi. 181, 1894. 
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capillary pressure and hardly at all by the altered constitution of the 
blood. 

Now we know already that the injection of large amounts of sugar 
into the circulation gives rise to a condition of hydremic plethora. In 
von Brasol’s experiments’, the dilution of the blood caused by the | 
injection of sugar was determined from estimations of the hemoglobin 
in the blood before and after the injection. In one experiment, the 
hemoglobin sank to 31°/,, and in many cases, to 50—57 °/, of its 
original height, so that the volume of the circulating blood must have 
been doubled or trebled. In a dog weighing 7 kilos. a doubling of the 
volume of the blood would be equivalent to the injection of 500 cc. 
normal saline. We might therefore predict that the injection of sugar 
would cause a rise of pressure in portal vein and vena cava similar to 
that produced by the injection of large quantities of normal saline. 
Such indeed is the case. I give here a shortened protocol of one 


experiment, 
Bitch, 8 kilos. 
Time Fem. art. Portal vein Inf. cava | 
11,15 100mm.Hg. 80mm. MgSO, 12 mm. MgSO, 
11.16—11.20 40 grams dextrose in water (50 c.c, fluid) injected. 
11.20 «65 210 180 
11.30 105 147 50 
11.40 120 120 25 
11.50 118 120 17 
12.0 114 124 18 
12.15 107 126 18 


To compare with this I give an experiment in which the lymph-flow 
was measured. (Cp. Pl. I, fig. 1.) 
Dog, 12 kilos. Kidney vessels ligatured. 
_ Lymph in 10 minutes. 
3—3°6* || 33—31—20—12—9—8-4—6°4 
* 30 grams dextrose in 30 c.c. water injected into jugular vein. 


We see then that injection of sugar causes a great rise of pressure in 
the capillaries of the abdominal organs, and coincidently with this rise 
of capillary pressure there is a great increase in the lymph-flow from 
the thoracie duct. 

There are two factors here which might « cause the increased flow of 
lymph, viz. (1) the presence of a concentrated ppaiton of seas in the 

1 Du Bois’ Archiv, 211, 1884. 
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blood (the effective factor according to Heidenhain), and (2) the rise of 
capillary pressure. Which of these is responsible for the increased 
lymph-flow ? 

We can decide this question in the same way as we settled the 
analogous one in treating of hydremic plethora’. The dilution of the 
blood which follows the injection of sugar is due to an attraction of 
water from the tissues. The blood-plasma has an osmotic pressure 
= *92°/, NaCl solution. When we increase its osmotic pressure by the 
injection of concentrated solutions of sugar, there will be an attraction 
of water from the tissues into the blood until the osmotic pressures are 
once more equalised on the two sides of the vessel-wall, If, for 
instance, we inject 10 cc. of a 10°/, solution of salt, it will attract 
water from the tissues until it is diluted to ‘92°/,, so that, roughly 
speaking, injection of 10c.c. of a 10 °/, solution will increase the volume 
of the circulating blood by 100c.c. The molecular weight of dextrose 
is about three times that of sodium chloride. The osmotic coefficient of 
sodium chloride is nearly double that of dextrose, so that a 6°/, solution 
of dextrose will be approximately isotonic with a 1°/, solution of sodium 
chloride, On injection of a strong solution of dextrose into the 
circulation, water will pass from tissues into the blood, until the 
original solution injected has been diluted to 6°/,. Injection of 6 grms. 
dextrose is therefore equivalent to the injection of 100c.c, normal salt 
solution. These considerations will render the two following experi- 

ments intelligible. 
| In the first experiment, a pie weighing 7 kilos. was bled to 240 c.. 
18 grms. dextrose dissolved in water, making 20c.c. fluid altogether, 
were then injected. The effect of this was the same as if 300c.c. 
normal saline had been injected*. All the pressures, arterial and 
venous, returned to their previous height, showing that the volume of 
circulating fluid was approximately the same as before. I give here a 
shortened protocol of this experiment. 


- Time Fem. art. Portal vein Inf. cava 


11.45 10lmm.Hg. 78 mm. MgSO, 30 mm. MgSO, 
Dog bled to 240 c.c. . 


11.50 61 45 8 
18 grms. dextrose injected. 
1 «The influence of mechanical factors on lymph-formation.” This Journal, xvt. 255. _ 
* That is supposing that no sugar escaped from the circulation. Since this condition is — 
not fulfilled I purposely inject a slight excess of sugar (18 instead of 14 grams). 
PH, XVII. 3 
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Time Fem. art. Portal vein Inf. cava 
12.15 70 mm. Hg. 120 mm. MgSO, 18 mm. MgSO, 
12.20 90 108 17 
12.30 ee 97 14 
12.45 98 82 22 


We see that by this means we can almost entirely obviate the rise 
of capillary pressure produced by the injection of sugar. 
We may compare with this the effect of a similar injection on the 
lymph-flow. 
Dog, 102 kilos. 
Lymph-in 10 minutes. 
4-6—3-2* || 1-5 || 
* Bled to 350c.c. 
_ + 25 grms, dextrose in 25 c.c. water injected. 


_ Under these circumstances the lymph-flow is hardly increased at all, 
although the solution of sugar in contact with the endothelial cells is 
even more concentrated than in the first experiment, in which no 
previous bleeding had taken place. The only factor which is wanting 
in this second experiment is the rise of capillary pressure, and one must — 
therefore conclude that this rise of capillary pressure is an essential 
condition for the increase in the lymph-flow to take place. 

I would therefore explain the action of the second class of lympha- 
gogues as follows. On their injection into the blood, the osmotic 
pressure of the circulating fluid is largely increased. In consequence of 
this increase, water is attracted from lymph and tissues into the blood 
by a process of osmosis, until the osmotic pressure of the circulating — 
fluid is restored to normal’. A condition of hydremic plethora is 
thereby produced, attended with a rise of pressure in the capillaries 
generally, especially in those of the abdominal viscera. This rise of 
pressure will be proportional to the increase in the volume of the 
blood, and therefore to the osmotic pressures of the solutions injected. 
The rise of capillary pressure causes a great increase in the transudation © 
of fluid from the capillaries and therefore in the lymph-flow from the 
thoracic duct. Heidenhain pointed out that the lymphagogue effect 
of these substances was proportional to their osmotic pressures, and 
therefore to the figure obtained by dividing their osmotic coefficient by 
their molecular weight. Since the hydremic plethora produced by the 
injection must be proportional to this amount, it follows that the 


1 Op. Hamburger. Zeitschrift fiir Biologie, p. 259, 1890, 
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intracapillary pressure will also be proportional to the same quantity, 
and we see that all the facts brought forward by Heidenhain can be 
explained on the filtration ‘hypothesis. This dependence of lymph- 
production on intracapillary pressures will be evident on referring to 
Figs. 1 and 2, Plate 1, in which the results of the four experiments 
quoted are shown graphically. 

-Heidenhain pointed out that the action of these substances on the 
urine was proportional to their action on the production of lymph. 
This is true if a large number of experiments are made. In any 
individual experiment, however, as might be expected, the lymph- 
production varies inversely as the flow of urine. When the kidneys are 
acting well, very little increase in the lymph-flow may be produced, 
since the increased amount of fluid in the blood is so rapidly carried off 
by the kidneys that there is at no time any very largely increased rise of 
capillary pressure and therefore no great increase in the lymph-flow. 
The following experiment may serve as an illustration of this point. 


Dog, 8 kilos. 
Lymph in 10 minutes. — 
|| 3-6—7—5—3—2. 


* Injected 20 grms. dextrose in 20c.c. water. During the course of the experiment 
300 ¢.¢, urine were secreted. 


There is one difficulty that might occur to readers of this article. 
Soon after the injection of the sugar there is a movement of water from 
the lymph-spaces into the blood to dilute the latter, at the same time 
that the capillary pressure and the transudation into the lymph-spaces 
are increased. There is no difficulty in reconciling this apparent — 
contradiction, if we remember that the transference of the fluid in the 
two directions is due to two distinct physical processes. The transfer- 
ence of water from lymph-spaces and tissue-cells to the blood is due to a 
process of osmosis. The increased transudation from the blood into the 
lymph-spaces is occasioned by a process which at any rate is analogous 
to filtration. Perhaps a simple physical illustration will help to explain 
my meaning. 

The vessel AB contains a 5°/, solution of dextrose. Within this is a 
second vessel (, containing a 20°/, solution of dextrose. The walls of 
the vessel ( are composed of a semipermeable membrane (copper 
ferrocyanide for instance), Water will therefore pass from AB into C 
until the fluids in and outside the inner vessel have the same osmotic 
pressure. At the upper part of C however the wall is imperfect—it 
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contains pores, through which fluid will transude under a certain 
pressure. Thus water will pass from AB to C until the fluid in C 


Capillary 


o| B 


— Tissue 
0. eal 


O 


reaches a certain height and attains a certain pressure. From this 
point on there will be a movement of fluid in two directions—of water 
from AB to C by a process of osmosis and of the fluid in C (concentrated 
sugar solution) from C to AB by a process of filtration or transudation. 
This movement of fluid in the two directions will go on until the fluids 
in and outside C have the same composition. We might imagine that 
the endothelial cells themselves represented the semipermeable mem- 
brane, while the pores are represented by the spaces or clefts between 
the endothelial cells. Such a conception, however, must be merely a 
symbol of a possible explanation, since there are no facts either for or 
against it. | | 


The First Class of Lymphagogues. 


On injecting a decoction of cray-fish muscle or leeches into the 
blood, the lymph flowing from the thoracic duct is increased in amount 
and becomes much more concentrated than before. In both blood and 
lymph coagulability is lessened or abolished. The blood becomes more 
concentrated from a loss of plasma, while the plasma itself is less 
concentrated than before the injection. The blood-pressure, if the 
injection be carefully carried out, may be unaltered, although the heart — 
as a rule beats rather more quickly than before. Heidenhain con- 
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cludes that these bodies exert a specific influence on the endothelial 
cells, causing them to secrete an increased amount of the lymph more 
concentrated than the blood-plasma. In investigating the action of 
these bodies, one is struck at the outset with the marked analogy that 
exists between the effects of their injection and the effects produced by 
a purely mechanical means, i.e. obstruction of the inferior vena cava 
above the diaphragm. In the latter, as-in the former case, we have an 
increased production of concentrated lymph while the blood becomes 
more concentrated and the blood-plasma more watery. I have shown 
- in the previous paper! that the whole increase in the lymph observed 
after obstruction of the inferior cava is derived from the liver, and that 
all the effects of this obstruction are explained by the fact that there is 
_a greatly increased production of concentrated lymph in the liver. The 
question arises whether the same explanation may not hold good for 
the effects observed after the injection of cray-fish extract or peptone. 
To decide this question, I ligatured in a number of cases the portal 
lymphatics before the injection of the lymphagogues. The effect of 
this procedure on the results of the injection, although striking, is in 
most cases not so absolute as I had found it to be on the results of 
obstructing the vena cava. If the portal lymphatics be ligatured and 
the vena cava obstructed, the lymph remains practically unaltered in 
quantity and composition. In the following experiments, it will be 
seen that in some instauces this was also the case; in others, however, 
there was a slight increase in the amount and also in the concentration 
of the lymph. One must remember, however, that the lymph from the 
interior of the liver has two ways open to it. Although the majority of 
the lymphatics leave the liver at the portal fissure, there are some 
which accompany branches of the hepatic vein and leave the liver with 
these veins. When the vena cava is obstructed just above the liver, it 
is probable that these latter lymphatics are also obstructed, so that 
ligature of the portal lymphatics absolutely shuts off the liver-lymph. 
When lymphagogues are injected into the circulation, after ligature of. 
the portal lymphatics, the lymph can still pass along the hepatic vein 
lymphatics, and we shall get a certain amount of liver-lymph according 
to the degree in which these lymphatics are developed. I give there- 
fore a number of protocols in order to show that ligature of the portal 
lymphatics has a considerable, and in some cases, an absolute effect on 
the results of the injection of lymphagogues. 


1 This Journal, xvi. 234. 
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ERNEST H. STARLING. 
I. Injection of decoction of mussels. 
A. Portal lymphatics free. 
Lymph in 10 mins. 3°6—3-6* 26— 23—21—19-6—16—13 cc. 
Total solids in lymph 4°93°/, || 5:94°/, 5°89°/, 5:38°/, 
B. Portal lymphatics ligatured. | 
Lymph in 10 mins. 2°8—3-2* 3— 4 —3‘2—2'8 c.cm. 
Solids in lymph 3°53°/, 3°88°/,  3°73°/, 
* A decoction of mussels injected into jugular vein. 


II. Injection of peptone (‘5 grams pro kilo.). 
Portal lymphatics ligatured. 

Lymph in 10 mins. 5* | 3°2t 
Solids in lymph 6:08°/, |, 528°), 
Lymph in 10 mins. 2-4—2t 


62— 56 — 45 —4 
560°), 5-62%/, 
| 


Solids in lymph 7-6°/, 
Lymph in 10 mins, 8f | $6 — 
Solids in }ymph | 4-65%/, || 4°90°/, 524°), 

* Portal lymphatics ligatured. + Peptone injected. 


III. Injection of decoction of cray-fish muscles. 
A. Portal lymphatics free. 
Lymph in 10 mins. 2°5—2-4* | 10—8—7-5—7 c.c. 


Solids in lymph 53°, | 65%, 

Lymph in 10 mins. 3°8—3-5* {| cc. 
Solids in lymph 5°37°), || 6-53", 6-21°/, 

B. Portal lymphatics tied. 


Lymph in 10mins. 1—1* 1—2:2—2-6—2-2—2 c.c: 


Solids in lymph 6-05°/,| 5°84°/, 

Lymph in 10 mins. 66—5* || 7-6—16—8-2—7:8—7:8—7°2 cc. 
Solids in lymph 4°79%/,|| 5°15", 4-80°/, 

Lymph in 10 mins. 2-7—2* || 
Solids in lymph 546%, | 5-88°/, 


* Decoction of cray-fish muscles injected. 


In these protocols I would draw attention to the fact that, when the 


portal lymphatics are free, the greatest increase of lymph is obtained 
in the first ten minutes after injection. In those cases where an 
increased flow of lymph is observed even with ligatured portal lympha- 


x 
ug 
hy. 
4 
| 
Mg 
+ 
Ds 
™ 
4 
Vs 
4 
4 
4 
> 
AA 
14 


ACTION OF LYMPHAGOGUES. oh 


tics, the greatest increase is observed in the second or third period 
of ten minutes after the injection ; suggesting that the lymph has had 
to make its way through unaccustomed and narrow paths before 
arriving at the thoracic duct. 

I think a study of these experiments shows conclusively that the 
greater part, if not the whole, of the increased lymph-flow obtained after 
injection of lymphagogues of the first class is derived from the liver. 

This fact in itself seems to explain many of the facts first observed 
by Heidenhain and interpreted by him in favour of the secretory 
hypothesis, The lymph is more concentrated because it is produced by 
the permeable capillaries of the liver, where, under all circumstances, 
the lymph is more concentrated than the ordinary mixed lymph 
flowing from the thoracic duct. 

The blood becomes more concentrated because it iawn a large 
amount of its plasma in the liver. 

The blood-plasma becomes more watery because there is a loss of 
concentrated lymph in the liver, and a gain of less concentrated lymph 
in other parts of the body '. 

There is no need to assume, as Heidenhain does, that a fluid 
more concentrated than the blood-plasma has left the blood vessels ; 
and therefore one of the chief arguments for the secretory hypothesis 
falls to the ground. 

We have now to inquire why and how the injection. of lympha- 
gogues causes an increased formation of lymph in the liver. In all the 
cases of increased lymph-production that we have hitherto studied, the 
increase could be accounted for by an increased pressure within the 


capillaries of the organ affected. Is that the case here ? 


All the substances belonging to the first class of ipiiidinneartiee, if 
injected in sufficient quantities, cause a lowering of arterial pressure 


and affect the heart injuriously, This effect varies in the different 


members, being most pronounced in the case of peptone, and least in 
the case of cray-fish extract. Heidenhain mentions as a possibility 
that the weakening of the heart’s action, after the injection of peptone, 
might act like an obstruction of the inferior vena cava above the 
diaphragm and cause congestion of the abdominal organs. He rejects 
this however as a cause of the increased lymph-flow, since the increased 


flow may be obtained without any fall of arterial pressure (by injecting 


the peptone very slowly into the aorta). But in any case a heart 
failure, caused by the injection of any of these bodies, could not cause 
1 Cp. this Journal, xv1. 255. — 
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- any large increase in the lymph-production. Bayliss and I have 
shown that complete stuppage of the heart causes very slight or no rise 
of pressure in the hepatic capillaries’, unless there is at the same time 
a diminution of the capacity of the vascular system in consequence of a 
general vascular constriction. After the injection of peptone and other 
members of this group, the arterioles are relaxed and not constricted, so 
that all conditions are wanting for a rise of pressure to be caused by a 
failure. of the heart. 

I have made a large number of experiments with a view to deter- 
mining the action of peptone, mussel extract, and cray-fish extract on 
the circulation. In these the blood-pressures were determined simul- 
taneously in the femoral artery, portal vein, and vena cava (through 
iliac vein). The methods employed were the same as those used by 
Bayliss and myself in the paper I have just quoted’. 

In most cases the solution employed causes a temporary fall in the 
arterial pressure, which may last from 1 to 20 or even 40 minutes 
according to the nature of the body injected. With cray-fish or mussel 
extract even the temporary fall may be wanting. In all cases however 
the heart beats more frequently after than before the injection. 

In all cases, whether the arterial pressure fall or not, there is a rise 
of pressure in the portal vein, a rise amounting to from 40 to 60 mm. 
MgSO, solution. This rise of pressure lasts a considerable time; the 
portal pressure then gradually returns to normal, and reaches this point 
from 20 minutes to 1 hour after the injection. 

The pressure in the vena cava is practically unaffected. When there 
is a great fall of arterial pressure, there may be some rise in the vena 
cava pressure, but this rise never lasts more than a few minutes. In 
most cases the pressure in the vena cava is unaltered by the injection. 

Some observations by my friend Mr W. M. Bayliss may be also 
mentioned as throwing light on changes in the circulation in the limbs 
produced by the injection of these bodies. In his experiments the 
volume of the hind limbs was measured plethysmographically at the 
same time that the blood-pressure was recorded by a mercurial mano- 
meter connected with the carotid artery. On injection of mussel 
extract there was a fall of arterial pressure accompanied by an expan- 
ston of the limbs. As the arterial pressure gradually recovered itself, 
the limbs expanded still further, showing that the recovery was not due 
to constriction of the limb vessels. 

We may interpret these results as follows: 

1 **Observations on venous pressures.” This Journal, xvi. 159. 
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When a moderate dose of mussel extract is injected into the jugular 
vein, the first effect is a general dilatation of the vessels in the body, 
which is especially marked in the splanchnic area, This in itself 
would tend to cause a fall of pressure, and in many cases we find that a 
fall does take place. In other cases however (and this is the rule with 
cray-fish extract) the heart beats faster and more powerfully, so that the 


- dilatation of the vessels is compensated for and the arterial pressure 


remains normal, while the portal pressure is raised. 

If a larger dose of the poison be injected, the-heart muscle is also 
affected, and we get a lasting fall of arterial pressure, with a very weak 
heart-beat. 

Are these changes in the vascular system sufficient to account for 
the increased production of lymph in the liver? I think we must 
answer this question in the negative, for the following reasons. 

1. The increased lymph-flow after the injection of mussel extract 
lasts from 40 min. to 2 hrs. The rise of portal pressure caused by the 
injection of this substance is generally over in 20 to 40 min., and in no 
case have I observed a rise of portal pressure lasting more than one 
hour after the injection’. 

2. After the injection of these lymphagogues, the dilatation of 
the splanchnic vessels must occasion a certain rise of pressure in 
the capillaries of the intestines, and to a less degree, in the hepatic 
capillaries. I have shown above that the greater part of the lymph 
produced after the injection of lymphagogues is derived from the 
liver. Now under no circumstances, after the injection of lympha- 
gogues, can the capillary pressure approach the amounts observed 
after obstruction of the inferior vena cava, and yet one may obtain as 
large a lymph-flow on injection of lymphagogues as on obstruction of 
this vessel. 

Taking these two facts into consideration, we must conclude that the 
increased lymph-flow observed after injection of lymphagogues of the 
first class cannot be accounted for by increased capillary pressure. It is 

1 I have tried in vain to imitate this rise of portal pressure by division of both 
splanchnic nerves. I am inclined by these experiments and by the results, described later 
on, of long-continued obstruction of the aorta, to ascribe the rise of portal pressure ob- 


served after the injection of these lymphagogues, not to the splanchnic dilatation, but to 


an increased resistance in the capillaries of the liver, similar to that which occasions stasis 
in inflammation of other parts of the body. The capillaries might be said to become more 
‘sticky’ in consequence of the injection, I would not however lay too much stress on this 
explanation of the rise of portal pressure, since I do not see my way at present to testing 
it experimentally, 
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open to us to conclude that these bodies act in Heidenhain’s sense on 
the endothelial cells of the hepatic capillaries, exciting them to an active 
secretion of lymph. I have however shown that the other facts brought 
forward by this author in favour of the secretory nature of the process 
of lymph-production may be otherwise interpreted. After the injection 
of these lymphagogues, we have the same kind of lymph produced in the 
liver as is produced under all other circumstances. It would be simpler 
to explain the action of these bodies if we assume that they increase 
the permeability of the capillaries, so that a pressure, which is very 
little above the normal capillary pressure, is able to cause a greatly 
increased transudation of fluid. And it is only natural that these 
‘bodies, which act as poisons on the muscles of the heart and blood 
vessels and which, according to Léwit'!, Wright and others, cause 
a rapid disintegration of white blood-corpuscles, should also have a 
deleterious action on the endothelial cells of the hepatic capillaries. 
_ Heidenhain would regard the increased lymph-flow, after the injection 
of these lymphagogues, as a physiological reaction of the endothelial cells 
to a stimulus. According to my explanation, the increased flow would 
be a pathological phenomenon, dependent on injury to the capillary-wall. 
The effect of this increased permeability is moreover probably enhanced 
by the increased intracapillary pressure caused by the splanchnic dilata- 
tion. 

There is one other argument in favour of the secretory hypothesis 
which we must now examine. Obstruction of the blood-supply to the 
kidneys for a few minutes stops the secretion of urine for a considerable 
time, in consequence of the injury to the secretory epithelium produced 
by the temporary anemia. Obstruction of the thoracic aorta for 70 
minutes or 2 hours causes a subsequent injection of any member of the 
first class of lymphagogues to be without effect on the lymph-flow from 
the thoracic duct. Heidenhain ascribes this negative result of the 
injection to injury of the endothelium caused by the long-continued 
anzemia, and concludes therefrom that lymph is a secretion. 

On repeating these experiments, the first thing that strikes one is the 
difficulty of drawing any conclusions from them as to the nature of 
lymph-formation. In many cases the dog is in such a bad condition 
on releasing the obstruction at the end of the 2 hours, that one could 
not expect to obtain any definite results. If, however, large dogs be 
used and be kept warm during the obstruction, the arterial pressure 


1 Studien zur Phys. und Path. des Blutes und der Lymphe. This leucolysis is however _ 
rendered very dubitable by Sherrington’s observations (Proc. Roy. Soc., Vol. 55, p. 161). 
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may return to a fair height on releasing the obstruction. In these 
dogs, injection of cray-fish extract or peptone has no effect on the 
lymph-flow and, as a rule, very slight or no effect on the blood-pressure. 
Before drawing any conclusions however from these experiments, it is 
necessary to see what are the effects produced by the long-continued 
obstruction itself. 

_ The following experiment will serve to illustrate the effect of this 

interference on the lymph-flow. 


Time Lymph in10 mins. Lymph 
11.0—11.10 3°6 c.cm. 3°6 Aorta blocked at 11.25’. 
11.25—1.25 17 ,, Aorta released at 1.25. 
1.25—35 6 & 6 ,, (bloody) 
35—45 9 » 9 » n 


We thus see that the lymph-flow falls during the obstruction, and 
when the obstruction is relieved, rises to considerably above its original 
amount, although the arterial Gremare is much lower than at the 
beginning of the experiment. 

. Much more striking are the effects of the obstruction on the 

abdominal circulation. I give here a protocol of an experiment in 

which the pressures were registered simultaneously in the femoral 
artery, portal vein and inferior vena cava. 


Dog, 154 kilos. Consecutive readings at one minute intervals. 


Time Fem. art. Portal vein Vena cava 
96 100 30 
96 100 30 
12.0 midday *12 51 36 
oe 48 36 
8 51 44 
8 64 44 
8 54 44 
1,0 p.m. 9 52 42 
2.0 p.m. 9 49 30 
| +75 180 26 
260 36 
* Aorta obstructed. Obstruction relieved. 


1 Hare, as in all other cases, the sortie obturator was introduced through the right 
carotid artery. 
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Time Fem, art, Portal vein Vena cava 
2.0 p.m. 67 230 34 
68 200 32 
60 180 32 

60 176 32 etc. 
2.7 p.m. 54 130 32 
2.30 p.m. 60 ee 32 

*_ — — (no reading) 
34 176 228 
32 186 234 

30 182 228 
30 180 216 
28 170 204 


* Inferior vena cava obstructed above diaphragm. 


It will be seen that, on releasing the aorta, while the arterial 
pressure returns to somewhat over half its original height, there is an 
enormous rise of pressure in the portal vein—a rise comparable with 
that obtained in other experiments after obstruction of the inferior vena 
cava above the diaphragm, and exceeding that produced bya subse- 
quent obstruction of the vena cava. Of course the long-continued 
anemia causes a paralysis of the splanchnic vessels and consequent 
vascular dilatation, but no amount of splanchnic dilatation will account 


for the rise of pressure observed here in the portal vein. That the rise 
is not due to backward pressure from the heart is shown by the absence 


of rise in the vena cava, There must in fact be considerable obstruction 
in front of the portal vein, that is to say, to the flow of blood through 
the liver. We can hardly imagine that the effect of the anemia on the 
branches of the portal vein in the liver would differ from its effect on 
the intestinal vessels, and so cannot ascribe this rise of portal pressure to 
constriction of these branches. The resistance must therefore be in the 
capillaries; the hepatic capillaries are so altered that the resistance in 
them is very largely increased. By application of suitable means, we 
can alter the capillaries in any part of the body, so that stasis is 
produced in them, and I consider therefore that the long obstruction of 
the aorta has injured the capillaries of the liver, in exactly the same way 
as the application of croton oil will injure the capillaries of a frog’s 
web, 

In the experiment just quoted, the pressure in the portal vein, after 
rising to 260 mm., gradually fell to 88mm. This fall might be due to a 
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giving way of resistance in the liver, or to a diminution of the amount 
of blood flowing into the portal vein. It is probably due to both 
factors. The presence of the second factor is, I think, rendered probable 
by the behaviour of the blood-pressures on subsequent obstruction of 


eS the inferior vena cava. In a normal animal, on obstruction of the 


inferior cava above the diaphragm, the pressure in the portal vein rises 
to a maximum within 10 secs. after the obstruction is complete. If 
however the aorta has been previously obstructed for two hours, the 
pressure rises much more gradually, attaining its maximum at the end 
of a minute or two, as in the experiment quoted, or, as in another 
experiment, not reaching its maximum until 4 min. after the obstruc- 
tion. This diminution of the flow into the portal vein must be due to 
an increased resistance in the capillaries between arteries and portal 
vein, and here the injured condition of these vessels is extremely 
evident. On opening the abdomen of these dogs at the end of the 
experiment, the intestines appear distended, although the animal has 
received no solid food for the last 24 hours. On cutting them open, 
they are seen to be filled with a yellow pasty mass, while the mucous 
membrane is in an extreme condition of inflammatory congestion and in 
many places quite black. Often the pasty contents are mixed with 
effused blood. On examining the contents under the microscope, they 
are seen to consist entirely of desquamated epithelial cells, We have 
here, in fact, an exquisite example of Cohnheim’s experiment on the 
production of inflammation by anzmia. 

It is evident now why injection of these lymphagogues after obstruc-_ 
tion of the aorta has no effect. I have shown above that their action 
may be ascribed to an injury of the vascular endothelium. After 
long-continued obstruction of the aorta, this endothelium is damaged 
to a much greater extent than could be effected by any injection of 
these lymphagogues and, just as we cannot kill a dead dog, so, by the 
injection of these lymphagogues, we cannot alter ats permeability of the 
damaged endothelium. 

As might be expected, since the abdominal vessels are already 
completely paralysed by the long-continued anzmia, the injection of 
these lymphagogues can cause no further alteration in the blood-pressure, 
either in the arteries or in the portal vein. If the injection be 
excessive, there is a gradual fall of pressures in consequence of heart- 
failure. 

If by any means we raise the pressure in the abdominal capillaries, 
such as by obstruction of the portal vein or inferior cava, or by injections 
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of solutions of sugar, we can still produce a corresponding rise in the 
transudation of lymph and in the lymph-flow from the thoracic duct. 
Since, however, the blood-flow from the liver is not so great as under 
normal circumstances, we cannot, by obstruction of the inferior vena 
cava, produce so large an increase in the lymph-flow as we usually get 
in consequence of this procedure. , 

Thus a renewed investigation of the facts discovered by Heiden- 
hain has shown that they are not irreconcilable with the filtration 
hypothesis. One fact remains to be mentioned; viz. that, after the 
injection of sugar, etc. into the blood, the percentage amount of these 


bodies in the lymph from the thoracic duct rises higher than that in 


the blood-plasma. The question of the chemical composition and 
osmotic pressure of the lymph under various conditions I hope to 
consider in a future paper. I would here merely point out that we do 
not know how far the composition of the lymph from the thoracic duct 
represents that of the lymph as it is turned out from the vessels into 
the tissue-spaces. Its composition must in fact be determined to a 
certain extent by the tissue-cells, and we cannot at once with certainty 
deduce a secretory activity of the endothelial cells from differences in 
the composition of thoracic duct lymph and blood-plasma. ; 

I have devoted so much attention to showing that the secretory 
hypothesis of lymph-formation is unnecessary, that I think I ought to 
emphasise the fact that my experiments are merely a continuation and 
not a refutation of those of Heidenhain. Not a single experimental 
result in his paper! but I have been able to confirm. Indeed to 
Professor Heidenhain’s work and teaching I am indebted for all the 
results that I have succeeded in obtaining. | 


CONCLUSIONS, 


(1) Lymph-formation is a function of two racers, viz.— 
Permeability of the vessel-wall and 
Intracapillary blood-pressure. 

(2) Members of the second class of lymphagogues (sugar etc.), on 
injection into the blood, attract water from the tissues, and cause a 
condition of hydreemic plethora with increased capillary pressures. | 
- he increased lymph- -flow from the thoracic duct is due to the 
increased pressure in the abdominal capillaries. 


1 Phiiiger’s Archiv, XLIX. 209, 
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(3) Members of the first class of lymphagogues affect injuriously : 

First, the endothelial cells of the capillaries, especially in the liver, 
increasing their permeability. 2 

Secondly, the muscular walls of the blood vessels, especially in the 
splanchnic area, producing vascular dilatation. 

Thirdly, the heart muscle. 

The increased flow of lymph is due to the increased permeability of 
the hepatic capillaries, nearly the whole of the increased lymph-flow | 
being derived from the liver. 


PLATE LI. 


In all three curves the divisions of the abscissa indicate minutes. 
Each division of the ordinates expresses: 
w (a) Rate of flow of lymph (in c.cm. in 10 minutes). 
(6) Height of pressure in femoral artery (in cm. Hg). 
(c) Height of pressure in portal vein and vena cava (in centimetres 
MgSO, solution). 

Each curve represents two experiments, one in which the three pressures 
were recorded, and a similar one in which the lymph-flow and the arterial 
pressure were recorded. In each case experiments were chosen in which the 
arterial pressures underwent corresponding changes. 

The double line = = rate of lymph-flow. 

The thick line = pressure in femoral artery. 

The thin line = pressure in portal vein. 

The dotted line = pressure in inferior vena cava. | | 

Fig. 1. Rate of lymph-flow and pressures after injection of sugar (renal 
vessels ligatured). | 

- Fig. 2. Rate of lymph-flow and pressures after bleeding to 240c.cm. and 
injection of 18 grams dextrose. 


Fig. 3. Rate of lymph-flow and 
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ON THE PROTEOLYSIS OF CRYSTALLIZED GLOBU- 
LIN. By R. H. CHITTENDEN anp LAFAYETTE B. 
MENDEL, Ph.D., Assistant in physiological chemistry. 


Contribution Srom the Sheffield Biological Laboratory of Yale 
Unwersity.) 


It is now a well-established fact that all varieties of proteid matter yield 
on proteolysis, especially with pepsin-hydrochloric acid, primary and 
secondary proteoses as well as peptones. There remains, however, much 
to learn regarding the nature of these bodies, of their relationships, their 
chemical composition and physiological properties. Especially is it 
important to be sure of the distinctions between the proteoses as a class 
and true peptones. We have been inclined in the past to place implicit 
reliance upon the use of ammonium sulphate as a means of discriminat- 
ing between these two classes of products, but experience has gradually 
taught us that the last traces of deuteroproteoses are wont to separate 
with extreme slowness from a mixture containing proteoses and pep- 
tones. No doubt, many preparations of peptones obtained in the past 
have been contaminated by more or less of this difficultly precipitable 
proteose, even where conscientious care has been given to all the details 
of the separation. Years ago the writer called attention to a form of 
deuterocaseose’ which could only be separated by long-continued boiling 
of the ammonium sulphate-saturated solution. Under such treatment, 
the caseose gradually separated from the fluid containing it in the form 
of an oily scum which by proper purification, etc. showed itself to be a 
genuine deuteroproteose. 

Quite recently, however, Kiihne* has shown that complete separa- 
tion of deuteroproteoses cannot be accomplished by even long-continued 
boiling of the ammonium sulphate-saturated solution, unless the reac- 


1 8 deuterocaseose,” Studies in Physiol. Chem. Yale Vol. 111. p. 87, 
2 Zeitechr. f. Biol. xx1x. p. 1. 
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tion of the fluid be alternately made neutral, alkaline and acid, and the 
boiling continued for some time after each change in reaction. To be 
sure, the greater portion of the proteoses are quickly precipitated as soon 
as the fluid containing them is even saturated with the ammonium salt, 
but on boiling the solution the precipitate plainly increases in bulk, and 
additional separations take place a as the reaction of the fluid i is changed 
and the boiling continued. 

In the light of these faets it is very evident that all peptones hither- 
to analyzed have contained some admixture of deuteroproteose. Whether 
such admixture was large or small obviously cannot be told with 
certainty, but it is to be inferred from the character and amount of the 
proteoses separating under these improved -conditions that the per- 
centage of impurity must have been small. Still, the fact of such ad- 
mixture throws a shadow of doubt upon the composition of peptones 
as hitherto reported, and renders it desirable to have additional data to 
either strengthen or modify the figures previously recorded. 

Peptones obtained from different sources show, to be sure, individual 
variations in composition, but they are all alike in possessing a relatively 
low content of carbon. Formed as they are, no doubt, by hydration and 
cleavage, the extent of the hydrolytic process appears to be indicated 
mainly by the decrease in the percentage of carbon; hence, as the end- 
product of proteolysis by pepsin-hydrochloric acid, peptones naturally 
should show a smaller content of carbon than their antecedents the 
deuteroproteoses. This as a rule has always been the case, and it has 
been one of the objects of the present study to prepare a true peptone, 
absolutely free from proteose, at least so far as our present knowledge 
renders it possible, with a view to comparing its composition and reac- 
tions with those of former products. In this connection, it is to be 
remembered that Pekelharing’ has attempted to throw doubt upon 
the individuality of peptone and upon the ammonium sulphate method 
of isolation, claiming that proteoses are only partially precipitated by | 
the ammonium salt, and that the so-called peptone is merely a mixture 
of albumose or proteose with some unknown substance or substances. 
In support of this view, Pekelharing apparently finds it impossible to 
prepare a peptone by gastric digestion which will not yield some albu-. 
mose by treatment with ammonium sulphate, or which will not show 
the presence of albumose by such reagents as trichloracetic acid. 

In view of these facts it has seemed desirable to obtain fresh data 


1 Centralblatt f. Physiol. vu. p. 43. 
PH. XVII. | 4 
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regarding the individual proteoses and peptones, with reference to both 
their composition and reactions. For this purpose we have attempted 
the proteolysis of a crystallized proteid, inasmuch as the latter offers a 
guarantee of purity not available in an amorphous proteid of either 
animal or vegetable origin. Heretofore, the chief obstacle in studying 
the proteolytic changes of the crystalline vegetable proteids has been 
the difficulty of obtaining sufficient quantities of these bodies for 
thorough work. The crystallized globulin from hemp-seed, however, has 
been found available, since it is present in fairly large quantities in the 
seed and can be obtained in the desired form with greater ease than 
any other proteid of this class. A study of its reactions has, further- 
more, shown it to be a single body of well-defined properties. 


Crystallized Globulin from Hemp-seed. 


The reactions and method of preparation of this crystalline globulin 
have been recently described by Osborne’. We have, however, made 
a number of trials to ascertain what methods are best adapted to secure 
a relatively large amount of the proteid with the least labour. Crystals 
can readily be obtained by Drechsel’s method as applied by Griibler 
to the squash-seed*, and also’ by dialysis of a filtered 10 per cent. sodium 
chloride extract of the ground seed. The most satisfactory method, 
however, is the one recommended by Osborne; 1 kilo of the ground 
hemp-seed is treated with 4 litres of 5 per cent. sodium-chloride solution 
and warmed at 60°C. for one to two hours, with frequent stirring. 
The mixture is then quickly strained through cloth and at once filtered 
through paper. In this manner a clear yellowish brown fluid is obtained 
which quickly begins to grow turbid from separation of the globulin. 
On standing at_ 20—25° C. for twenty-four hours, a heavy, light-coloured 
precipitate is obtained which under the microscope is seen to be com- 
posed wholly of crystals. The form and especially the size of the 
crystals varies more’ or less with the rate of cooling, and doubtless also 
with the concentration of the fluid. Naturally, when the fluid is 
allowed to cool slowly, the individual crystals are much larger, and 
occasionally the smaller crystals are arranged in large stellate masses, 
The crystals are mostly octahedra, although some hexagonal plates are 


1 “Crystallized Vegetable Proteids,” American Chem. Journ, x1v. p. 672. See also 
Chittenden and Hartwell. ‘This Journal, x1. p, 435. : 

‘2 Journ. prakt. Chemie, xxm. p. 97. See also Chittenden and Hartwell, This 
Journal, x1. p, 485. 
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to be seen with sharply defined edges. They measure from 15yu to 50y 
in their greatest diameter. The point to be especially emphasized, how- 
ever, is the fact that the globulin separates wholly in the form of crystals, 
entirely free from amorphous matter of any description. Obviously, all 
the globulin does not separate from the fluid; addition of a little water 
will cause a more or less heavy precipitate to appear, but this is usually 
amorphous in great part. 

The crystals of globulin are thrown upon a filter, dicia’ to drain, 
and then washed with dilute salt solution, water, and lastly with dilute 
alcohol until free from sodium chloride. The alcoho! is then gradually 
increased in strength and the washing continued with absolute alcohol, 
and finally with ether, after which the crystals are quickly dried in a 
current of air. At times, the precipitate on the filter shows a tendency 
to become gummy when wash-fluids are first poured over it, owing 
apparently to a partial solution of the crystals in the dilute salt solution, 
or to a precipitation of substance in solution upon the surface’ of the 
crystals as a result of dilution. But with care this can be avoided, and 
a large yield of beautiful crystals obtained. When the process is 
successful it is not unusual to obtain 80—85 grams of air-dry crystals 
by the extraction of 1°5 kilos of hemp-seed with 4 litres and 3 litres 
successively of 5 per cent. sodium chloride. 

The reactions of the proteid have been described by Osborne. In con- 
_ formity with his observations, we find that it is not precipitated from a 
néutral sodium chloride solution by saturation with salt, nor by satura- 
tion with sodium sulphate. It is, however, completely precipitated by 
saturation with magnesium sulphate, by ammonium sulphate, and by 
double saturation with sodium sulphate and magnesium sulphate. The 
body is evidently a true phytovitellin, and like the corresponding proteid 
in the squash-seed gives a distinctly red-violet biuret test which 
Neumeister’ compares to the ordinary peptone-biuret colour. This 
reaction was repeatedly verified with various hemp-seed prepara- 
tions. 

In studying the behaviour of the proteid toward heat, a clear 10 per 
cent. sodium chloride solution containing 0°5 per cent. of the globulin 
was employed. When cooled to 15—10° C., the solution becomes notice- 
ably turbid from separation of the proteid, but when warmed to 20° C. 
or over, the fluid regains its former appearance. Heated in an oil bath 
suitably arranged for accurate determination of coagulation points, a 

1 Zeitschr. f. Biol. xxrm. p, 404, Ibid. xxvi. p. 824. Also Lehrbuch der physiolo- 
gischen Chemie, 1898, 1. p. 32. ; 
4—2 
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slight turbidity occurs at 79°C. followed by the appearance of a few 
flocks at 91°C. This slight precipitate is presumably indicative of the 
presence of an extremely small amount of some proteid other than the 
main body. The filtrate from the above turbidity at 91° C. grows turbid 
at 95°C., with formation of flocks at 99°C. or even somewhat below. 
Coagulation, however, is not complete, even on boiling the solution, for 
on addition of acetic acid to the hot filtrate a heavy precipitate results, 
in the filtrate from which no proteid reaction can be obtained. _ 

In view of the above incomplete precipitation of the proteid by heat, 
it seemed desirable to consider more closely the individuality of the 


_ body, and with this end in view 10 grams of the crystallized proteid 


were dissolved as far as possible in 10 per cent. sodium chloride solution 
at 40° C., about 1200cc. of the fluid being employed. Only a very small 
residue remained undissolved. The filtered solution was heated to 
boiling and kept boiling’ for full thirty minutes, water being supplied 
from time to time to make good the loss by evaporation. A copious 
flocky coagulum resulted, which was filtered off, washed with water 
until free from salt and then with alcohol and ether. It weighed air- 
dry about 6 grams ; hence, only a little over half of the original substance 
was precipitated or coagulated by the above treatment. 

The filtrate from the above coagulum was dialyzed in running 
water until the salt was entirely removed, when a precipitate of well 


_ erystallized octahedra appeared, which after washing and drying weighed _ 
3 grams. The filtrate from this body was practically free from proteid. 


Hence, making due allowance for mechanical loss, nearly all of the 
proteid matter was regained in these two fractions. The crystallized 
product obtained in this manner shows all the peculiarities of the 
original body ; dissolved in 10 per cent. salt solution in such proportion 
as to make a 0°5 per cent. solution, it grows turbid at 94°C. with 
formation of flocks at 96°C. Further, as with the original body, the 
addition of a drop or two of acetic acid to the filtrate from this heat- 
coagulum gives an additional precipitate, thus testifying to the incom- 
pleteness of the heat-coagulation. | 

The chemical composition of the above two fractions of the original 
proteid indicates that they are essentially the same body. Following 
are the results of the analyses of the original crystallized globulin, of 
the heat-coagulum, and of the crystals obtained by dialysis of the filtrate, 
all dried at 110° C. until of constant weight. 
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Crystallized Hemp-seed Globulin. 
0:3160 gram substance gave 0°1954 gram H,O = 6°87 per cent. H 
and 0°5961 gram CO, = 51°44 per cent. C. 
0°3096 gram substance gave 0°5820 gram CO, = 51:26 per cent. C. 
04843 gram substance gave 72:1 c.c. N at 4°C. and 768°6 mm. 
pressure = 18°63 per cent. N. om 
04288 gram substance gave 64:1 ¢.c. N at 4:5°C. and 760°6 mm. 
pressure = 18°73 per cent. N. 
0°7634 gram substance fused with NaOH and KNO, according to 
Hammarsten’s method gave 0°0514 gram BaSO, = 0°92 per cent. 8. 
0°8948 gram substance fused with NaOH and KNO, gave 0:0580 
gram BaSO, = 0°88 per cent. S. 
05806 gram substance gave 0°0034 gram ash = 0°58 per cent. 
05451 gram substance gave 0‘0029 gram ash = 0°53 per cent. 


Percentage Composition of the Ash-free Substance. 


Coagulated Globulin. 
0:3388 gram substance gave 0:2103 gram H,O = 6:89 per cent. H 
and 0°6401 gram CO, = 51°52 per cent. C. — 


. 03174 gram substance gave 0°1958 gram H,O = 6°85 per cent. H 


and 0°5984 gram CO, = 51°41 per cent. C. 

04303 gram substance gave 65°2 c.c. N at 36°C. and 759-8 mm. 
pressure = 18°78 per cent. N. 

04340 gram substance gave 64 N at 3:2°C. and mm. 
pressure = 18-75 per cent. N. 

0:7071 gram substance fused with NaOH and KNO, gave 00563 
gram BaSO, = 1-09 per cent. 8. 

0°5877 gram substance gave 0°0015 gram ash = 0-25 per cent. 


Percentage Composition of the Ash-free Substance. 


Average 

51°64 51°53 — — — 51°58 
6°90 6°86 6°88 
-~ 18°82 18:79 18-80 
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Crystallized Globulin from Filtrate. 


I. 03488 gram substance gave 0'2216 gram H,O= 1-06 per cent. 
and 0°6523 gram CO, = 50-99 per cent, C. 
II. 0°2290 gram substance gave 0°1465 gram H,O=7°10 per cent. H. 
III. 0:4379 gram substance gave 65:5 c.c. N at 39°C. and 763-4 mm. 


pressure = 18°62 per cent, N. 


IV. 05133 gram substance fused with NaOH and KNO, gave 0-0471 


gram BaSO, = 1°26 per cent. 8. 
V. 0°4884 gram substance gave 0°0008 gram ash = = 0-16 per cent. 


Percentage Composition of the Ash-free Substance. 
5107 — 


Sulphur 
Oxygen 


Ash? 


The analyses of the crystals of hemp-seed globulin as made by. 
Osborne’, and of squash-seed globulin as made by Chittenden and 


7-06 711 


globulin globulin 
51°63 51°58 

6:90 6°88 
18-78 18°80 
0°90 1:09 
21-79 21°65 
100-00 100-00 
0-56 0°25 


Hartwell, are appended for comparison 


Hemp-seed globulin 


{0 sborne) 
51-26 51°28 
6°86 6°84 
18°68 18°84 
0-94 0°87 
22°26 22°17 
100-00 100-00 
0:50 0:07 


Squash-seed 


(C. and 


51°60 
6°97 


18°80 


1-01 
21°62 


100-00 


0-30 


1 'The ash in each case consisted largely of Fe,0,. 


2 Amer. Chem, Jour. xtv. No. 8. 
$ This Journal, x1. p. 438, 
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It is thus evident that, under the above conditions, heat gives rise 
only to a partial precipitation or coagulation of this crystalline proteid, 
the lack of complete coagulation being due apparently either to the 
dilution of the fluid attendant upon the partial precipitation of the 
proteid, or possibly to a change in reaction due to the semi-coagulation. 
In any event, there is no noticeable alteration of the non-coagulated 
proteid, for the crystals obtainable on dialysis of the filtrate from the 
heat-coagulum agree exactly with the original globulin in crystalline 
form, in chemical composition and in their temperature of coagulation. 
Hence, it is plain that with some proteids, at least, the temperature of 
heat-coagulation cannot be relied upon as a means of differentiation ; 
Le, @ single proteid may give results which, as in the above case, would 
suggest the presence of two distinct bodies) We may perhaps find in 
these observations a substantiation of the views advanced by Haycraft 
and Duggan’, that so-called fractional heat-coagulation depends in part 
on the effect of dilution upon a single proteid rather than on the 
invariable presence of individual bodies with distinct coagulation points. 
Thus, as stated, it was found possible after boiling a solution of the 
hemp-seed globulin for half-an-hour, to separate from the filtrate from 
the coagulum a large amount of unaltered proteid coagulable at the 
original temperature when dissolved so as to make a half per cent. 
solution. 

The extent to which coagulation may take place is sometimes 
greatly modified by the length of time the solution is heated. This is 
especially true of the hemp-seed globulin, as is shown by the following 
experiment : 10 grams of the crystalline proteid were dissolved in 750 ce. 
of 10 per cent. sodium chloride solution, and the fluid kept at the 
boiling point for three hours, water being added from time to time to 
hold the fluid at its original volume. Here, with a more concentrated 
fluid than in the preceding experiment, and with a far longer exposure 
to heat, 8 grams of the proteid were coagulated, while from the filtrate 
about 1 gram of the original globulin was obtained on dialysis of the | 
fluid. Hence even here, under the more favourable circumstances, 
coagulation was far from being complete. 

The only way in which we have been able to obtain anything like a 
complete coagulation of this proteid by heat has been through the 
judicious addition of a dilute acid. The hemp-seed globulin dissolved 


' Brit. Med. Journ. Vol. 1. 1890, p. 167, and Proc. Roy. Soc. Ed. 1889, p. 351. Compare 
also R. T. Hewlett, “ On Fractional Heat-coagulation,” This Journal, xu. p. 493, 
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in salt solution in the proportions given above makes a perfectly neutral 
solution, but as soon as heat is applied and coagulation commences the 
reaction gradually changes to alkaline. The following experiment will 
illustrate how complete a coagulation can be induced by a constant 
correction of this alkalinity through continued addition of dilute acetic 
acid. 10 grams of the proteid were dissolved in 800 cc. of 10 per cent. 
sodium chloride solution and the fluid heated to boiling. As the reac- 
tion was now alkaline, dilute acetic acid was added drop by drop until 
the fluid was perfectly neutral and the boiling continued with addition 
of water occasionally to keep the volume at the original point. The 
boiling was continued for over three hours, many additions of dilute acid _ 
being required to overcome the alkalinity continuously developed. 

Great care, however, was exercised in the addition of the acid, so as not 


_ to render the fluid actually acid. As a result of this long-continued 


treatment under these conditions, coagulation was far more complete 
than in the preceding experiments, but even here dialysis of the 
filtrate from the large coagulum was attended with the separation of 
some unaltered globulin, weighing a small fraction of a gram. ; 

From these observations it is evident that under ordinary circum- 
stances heat-coagulation cannot always be relied upon as a means of 
identification or separation of individual proteids, especially globulins. 


Addition of acid to distinct acid reaction will of course result in a more 


complete and speedy separation of the proteid, but the temperature of 
coagulation is at once altered, and in the case of a globulin, like the 
hemp-seed phytovitellin, precipitation is more or less complete from the 
simple addition of the acid to the salt-containing fluid. 


Specific Rotation of the Globulin. 
The specific rotation of the hemp-seed globulin was determined as 
accurately as possible with the help of a Wild’s polaristrobometer, but 


_ the observations were somewhat unsatisfactory in that only dilute solu- 


tions of the proteid could be employed. Strong solutions of the globulin 
gave just enough of an opalescence to interfere with an accurate reading. 
The globulin was dissolved in an accurately made 10 per cent. sodium 
chloride svlution, and the amount of globulin in lcc. of the fluid 


determined by drying a definite volume at 110°C. until of constant 
weight. | 


I. 0°3389 gram substance dried at 110°C.=0:3370 gram ash-free sub- 
stance dissolved in 10 c.c. 10 per cent. sodium chloride solution gave as an 
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average of 10 readings, a rotation in a tube of 100 mm. at 25°C. of 1-47° to 
the left. panei with 00337 gram substance in 1 c.c. 


1:47° 
= 9.93371 


II. 0:1694 gram substance dried at 110°0. = 0:1684 gram ash-free 
substance dissolved in 10 ¢.c. 10 per cent. sodium chloride solution gave as an © 
average of 10 readings, a rotation in a tube of 200 mm. at 25°C. of 146° to 
the left. Accordingly, with 0:01684 gram substance in 1 c.c. 

1-46° 
Average specific rotation = — 43°48”. 


43°62°. 


Proteolysis of Crystallized Globulin. 


The proteolysis of crystallized vitellin has already been studied by 
Neumeister’ and by Chittenden and Hartwell’, but as already 
stated, it has been our object to prepare the several hydrolytic products 
formed in gastric digestion, especially the peptones, in larger quantities 
than heretofore and by the use of more accurate methods of separation 
to obtain a purer preparation of peptone with @ view to ascertaining its 
composition and reactions. 

Two digestions of the crystallized vitellin were made with pepsin- 
hydrochloric acid. In the first digestion, 150 grams of the proteid 
were treated with 2:2 litres of 0°2 per cent. hydrochloric acid, in which it 
gradually dissolved, although a small amount of the globulin was more 
or less resistant, swelling up in the acid and dissolving very slowly. 
The clear dark brown fluid was decanted from the small amount of 
insoluble residue, after which 250 cc. of an active, purified pepsin solu- 
tion prepared from pigs’ stomachs* were added to the fluid, and the mix- 
ture placed at 40°C. At the end of 24 hours, a few drops of the fluid 
on being tested gave a heavy neutralization precipitate composed of 
unaltered globulin, as its solubility in sodium chloride demonstrated. 
Consequently, 150 cc. more of the pepsin-hydrochloric acid solution were 
added, the action of which in six hours led to the formation of a stiff 
jelly, so consistent that the thermometer would stand erect in it. This 
was due to the formation of syntonin, which separated in this gelatinous 


1 Zeitschr. f. Biol. xxim. p. 402. 

2 This Journal, x1. p, 435. 
Biol, xxu, p. 426. 
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form owing to the concentration of the fluid. Addition of more hydro- 
chloric acid,—840 cc. of 0°2 per cent. HCl—with continued warming at 
40° C. led to a complete disappearance of the jelly-like mass, followed, 
however, by the gradual appearance of a flocky precipitate, apparently 
of an antialbumid-like” body. At the end of 45 hours from the 
commencement of the digestion, a little of the clear fluid on being tested 
gave no neutralization precipitate whatever, thus showing that pro- 
teolysis had proceeded beyond the syntonin stage. Still, to ensure a — 
reasonable formation of secondary products, another 100cc. of the 
pepsin-hydrochloric solution were added and the mixture kept at 40°C. 
for some hours longer. At the expiration of 72 hours the mixture, 
containing now only a flocculent residue of antivitellid, was filtered 
through paper for the removal of the latter product and the clear fluid 
made exactly neutral with dilute sodium carbonate, without, however, 
any neutralization precipitate being formed. Further, the neutral fluid 
on being boiled remained perfectly clear ; hence all the globulin dissolved 
must have been converted into soluble proteoses and peptones. — 

In a second pepsin digestion, 135 grams of the crystallized vitellin 
were dissolved as completely as possible in 2 litres of 0°2 per cent. hydro- 
chloric acid and the clear fluid treated with 200 ce. strong pepsin solu- 
tion prepared from scale pepsin’. The mixture was then placed at 40°C. 
At the end of 45 hours, there was, as in the first digestion, a separation 
of a jelly-like mass of syntonin which was readily soluble on addition of 
more acid. 800 cc. of 0:2 per cent. acid were then added, together with 
a small amount of pepsin and the mixture kept at 38—40° C. for 10 days. 
At the end of this time, the fluid contained a certain amount of floccu- 
lent matter in suspension—presumably the antivitellid—while the solu- © 
tion gave a strong reaction for proteoses and peptone. 

Especially to be noted is the fact that these two digestions differ 
from each other mainly in the length of time they were kept at 40° C. ; 
ie. the first digestion 72 hours, the second digestion 10 days. This was 
done primarily with a view to ascertaining the influence of such long- 
continued treatment on the composition of the proteoses; for results 
gradually accumulated in our laboratory during the last few years have 
suggested the probability of some connection between the duration or 
strength of proteolytic action and the exact chemical composition of the 
resultant products, especially of the proteoses. 


- 1A preparation of pepsin capable of digesting 25000 times ite weight of coagulated 
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Antivitellid. 


This antialbumid-like body is apparently a constant product in the 
gastric digestion of crystalline phytovitellin and also in the digestion of 
other vegetable proteids, Like ordinary antialbumid it is characterized 
by ready solubility in dilute alkaline fluids, by comparative insolubility 
in dilute acid and great resistance to the proteolytic action of pepsin- 
hydrochloric acid.. That it is a true product of proteolytic action and 
not a simple residue of the proteid undergoing digestion is apparent 
from the way in which it separates from a perfectly clear solution of the 
globulin during proteolysis. The amount formed, however, is not large, 
but from the two digestions described above sufficient of the body was 
obtained for analysis. 

The insoluble matter from the two digestions, separated by filtration, 
was washed thoroughly with water and then again warmed at 40°C. 
with a strong pepsin-hydrochloric acid solution for 2—3 days. In this 
way any adherent globulin or syntonin was digested and dissolved, while 
naturally some of the vitellid was likewise dissolved, but the greater 
portion remained unaffected. The residue was then thoroughly washed 
with water, dissolved in 0°5 per cent. sodium carbonate and reprecipitated 
by addition of dilute acid, after which it was washed with water until 
free from chloride, and lastly with alcohol and ether. So prepared, the 
antivitellid does not differ in any marked degree from the correspond- 
ing body obtained by Neumeister’ and by Chittenden and 
Hartwell’ in the digestion of the squash-seed vitellin. Its insolu- 
bility in water, sodium chloride solutions and dilute acids, together with 
its ready solubility in dilute alkaline fluids constitute its most striking 
reactions, although its resistance to pepsin-acid and its digestibility in 
alkaline pancreatic juice are equally characteristic. Dissolved in an 
alkaline solution it is precipitated by addition of salt in substance. It 
gives the characteristic proteid reaction with Millon’s reagent, With 
cupric sulphate and potassium hydroxide it shows more or less of a 
violet colour, obscured, however, by the brown colour hick the vitellid 
gives to the alkaline fluid. 

Dried at 110°C. until of constant weight, the substance gave the 
following results on analysis. 


Composition of Antivitellid. 


_. L 03182 gram substance gave 0°1820 gram H,O = 6-35 per cent. H 
and 0:5716 gram CO, = 48-98 per cent. 


1 Zeitechr. f. Biol. xxmu1. p. 406, * This Journal, x1. p. 441. 
% Somewhat low carbon; thé ash was black. 


4 
a, 
om 
ag 
on 
& 
«<4 
Ai 
> 
a 
a” 
% 
ice 
rf 


60 =, H. CHITTENDEN AND L. B. MENDEL. 


II. gram substance gave 54:4 c.c. N at 11°2° and 765-7 mm. 
pressure = 14°39 per cent, N. 


III. 0°6192 gram substance gave 0°0148 gram ash = 2°41 per cent. 


Bo Composition of the Ash-free Substance. 


Carbon 
Hydrogen 6°50 
Nitrogen 14°74 
28°58 
Oxygen 
100-00 


It is thus seen to have the low content of nitrogen characteristic of 
albumids, but the carbon is somewhat lower than is usually found with 
of this description. 


Separation of Vitelloses from Peptone. 


In the separation of the vitelloses as a class from the true peptones 
formed in the proteolysis of the phytovitellin, the processes employed 
were essentially the same in the two digestions, hence one description 
will suffice for the two. : 

The neutralized digestive fluid, entirely freed from every trace of 
antivitellid, was concentrated to a small volume without giving any 
heat-coagulum. The neutral fluid was then heated to boiling and 
saturated with pure, neutral, ammonium sulphate, the boiling being 
continued for some little time. When cold, the heavy gummy precipi- 
tate of vitelloses which had formed, together with the separated salt, 
were removed from the fluid and then twice redissolved and reprecipi- 
tated under exactly the same conditions, in order to remove any adhe- 
rent peptone. Finally, the precipitate was washed thoroughly with a 
saturated solution of ammonium sulphate. All of the filtrates and wash- 
ings were then united and further treated for the separation of traces of 
vitelloses from the peptone-containing solution after the method recently 
recommended by Kiihne’. The solution was first heated to boiling 
and then made strongly alkaline with ammonia and ammonium car- 
bonate and kept saturated with ammonium sulphate. After the boiling 
had been continued for a short time a small amount of a dark, oily pre- 
cipitate separated, which was removed from the fluid and added to the 


1 Zeitechr. f. Biol. xxix. p. 2. 
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precipitate of vitelloses. The fluid was next heated until the odour of 
ammonia had entirely disappeared, after which acetic acid saturated with 
ammonium sulphate was added to decided acid reaction. As the boiling 
continued, a slight separation of oily matter took place which gradually 
increased in amount. This increase was probably largely due to the 
running together of small particles of vitelloses adherent to the crystals 
of ammonium sulphate, and not to the driving off of the excess of 
volatile acid (which Kiihne suggests should be tried)—for the precipi- 
tate did not increase in amount as the fluid cooled, as is stated to be 
the case with albumoses, Possibly, however, long-continued boiling has 
the same effect as immediate cooling. The precipitate obtained by this 
treatment was also added to the previous precipitates of vitelloses. 
In this manner the peptone-containing solution was entirely freed 
from vitelloses, or at least all substances capable of separation by treat- 
- ment with ammonium sulphate were removed from the fluid. The 
final filtrate was reserved for the detection and separation of peptone. 


Protovitellose. 

The combined precipitates of vitelloses were in each case dissolved in 
water, the solution made exactly neutral and then saturated at 20°C. 
with pure sodium chloride. As a result, a copious, gummy precipitate 
separated. This was purified by solution in water and reprecipitation 
with salt. Here, it was noticed that the protovitellose, like the 
corresponding albumose, is not completely precipitated from a neutral 
fluid by salt alone. In treating the sodium chloride precipitate with — 
water a slight, dark-coloured residue failed to dissolve. This was 
filtered off, and the neutral solution dialyzed in rurning water until 
entirely free from sodium chloride and ammonium sulphate. On open- 
ing the dialyzer bag, a sticky, tar-like precipitate was found adherent to 
the parchment. The clear solution of protovitellose was poured off, 
filtered through paper to remove any trace of suspended matter, and 
concentrated to a thick syrup. The vitellose was then precipitated 
with alcohol, washed with absolute alcohol and ether and dried in the 
air. From the first digestion, 20 grams of air-dry product were obtained, 
while from the second digestion the yield amounted to only 7 grams; a 
difference easily explainable when it is remembered that in the second 
digestion the mixture was kept at 40° C. for 10 days, with the intent of 
converting as much of the primary products into secondary vitelloses 
and peptones as possible. 


* 
its 
ri. 
al 
49 
- 
¥ 
“4 
4 
4y 
4 
@ 
om 
wg 


62 R. H. CHITTENDEN AND L. B. MENDEL. 


Protovitellose so prepared appears as a cream white powder. It is 
soluble in water, though not so readily as deuterovitellose, and the | 
solution when dilute is very clear, and neutral in reaction. A 2 per 
cent. solution, however, shows a very faint alkalinity, and appears 
slightly turbid. In the stronger solutions, the -turbidity disappears 
when gentle heat is applied, reappearing as the solution cools. The 
turbidity also disappears on addition of either dilute acid or alkali (0°2 
per cent. HCl and 0°5 per cent. Na,CO,). Boiling has no effect on an 
aqueous solution of the vitellose. 

Like protomyosinose’ an aqueous solution of protovitellose fails to 
give any precipitate with nitric acid alone. Addition of a little 20 per 
cent. sodium chloride solution, however, to the acid fluid, causes a 
precipitate which disappears on gentle warming, giving rise to the 
characteristic deep yellow colour with heat, and reappears on cooling. 
Excess of nitric acid dissolves the precipitate without the aid of heat. 
As the amount of sodium chloride added is increased, relatively less 
nitric acid is required to produce a permanent turbidity. But when 
much salt is present, a considerable amount of acid must be added before 
the yellow colouration will appear. 

- Acetic acid, like nitric acid, gives no precipitate until sodium chloride 
is added to the solution; the precipitate then obtained is similarly — 
sensitive to heat. Acetic acid and potassium ferrocyanide give a 
noticeable precipitate which disappears in part with heat, is slightly 
soluble in excess of ferrocyanide and completely so in glacial acetic acid. 

It is again to be noted that where a neutral aqueous solution is 
saturated with sodium chloride, the protovitellose, like all protoproteoses, 
is precipitated in part only; for the filtrate yields a further considerable 
precipitate on addition of dilute acetic acid. With the aid of heat, 
protovitellose dissolves in 10 per cent. sodium chloride solution. 

Cupric sulphate and neutral lead acetate both give precipitates in 
an aqueous solution, which disappear with heat and are: readily soluble 
in excess of the precipitants. 

Mercuric chloride and basic lead acetate give precipitates which 
disappear with heat, but are not dissolved in the cold by excess of the 
precipitants. 

Tannic acid, picric acid, phosphomolybdic and spataanicwals acids 


all produce precipitates insoluble in excess of the reagents. 


1 Zeitschr. f. Biol, xxtv. 362; also Studies in Chem. Yale 111, 
p. 142, 
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Trichloracetic acid gives a heavy precipitate, readily soluble on 
application of heat. 

With Millon’s reagent the ordinary reddish precipitate is obtained, 
while cupric sulphate = potassium hydroxide produce a red-violet 
biuret reaction. 

Boiled with potassium hydroxide and lead acetate the solution is 
coloured deep brown, from lead sulphide. 

In reactions, this form of protovitellose is thus seen to agree 
essentially with the corresponding proteose formed from the squash- 
seed vitellin. Further, the protovitelloses separated from the two 
digestions were found to be exactly alike in their reactions, in spite of 
the fact that one was separated from a fluid where digestive proteolysis _ 
had been continued for only 72 hours, and the other from a digestive 
mixture which had been kept at 40°C. for 10 days. In chemical 
composition, however, the two products were quite unlike, as the 
following data show. The products se were dried at 110° C. 
until of constant weight. 


Protovitellose, First Digestion. 


I. 0:3559 gram substance gave 0°2156 gram H,0 = 6°73 per cent. H 
~ and 0°6725 gram CO, = 51°52 per cent. C. 
II. 0°3488 gram substance gave 0°2111 gram H,0 = 6-72 per cent, H 
and 0°6577 gram CO, = 51°42 per cent. C. 
III. 0°4356 gram substance gave 67 c.c. N at 9°2° C. and 765-6 mm. 
pressure = 18°83 per cent. N. 
IV. 04721 gram substance gave 73-7 c.c. N at 9°C. and 757-7 mm. 
_. pressure = 18-92 per cent. N. 
V. 06045 gram substance fused with NaOH and KNO, gave 0:0495 
gram BaSO, = 1°12 per cent. 8. 
VI. 06711 gram substance fused'with NaOH and KNO, gave 00519 
gram BaSO,= 1-06 per cent. 8. 
VII. 0:5833 gram substance gave 00010 gram ash'= 0°17 per cent. 
VILI.- 0°7426 gram substance gave 0°0013 gram ash = 0°17 per cent. 


Percentage Composition of the Ash-free Substance. 


C 5160 5150 — 
H 674 673 — 
N — 1886 18°95 
8 
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Protovitellose, Second Digestion. 

. 0°3902 gram substance gave 0°2330 gram H, O= 6°63 per cent. H 

__ and 0°7125 gram CO, = 49°79 per cent. O. 

. 03344 gram substance gave 0°1980 gram H,O = 6°57 per cent. H 
and 0°6102 gram CO, = 49°76 per cent. C. 
05046 gram substance gave 70°05 c.c, N at 12°1°C, and 767'3 mm. 
pressure = 16°85 per cent, N. 
0-4247 gram substance gave 59°35 c.c. N at 12-4°C. and 766°3 mm. 
pressure = 16°92 per cent. N. 
0°5847 gram substance gave 0°0073 gram ash = 1°33 per cent, 
0-7014 gram substance gave 0°0093 gram ash = 1°32 per cent. 7 
The ash from 1:2861 gram substance gave 0°0199 gram teat 
0-21 per cent. 
05586 gram substance fused with NaOH and KNO, gave 0°0594 
gram BaSO, = 1°45 per cent. 8 ; deducting 0°21 per cent. S of the 
ash = 1°24 per cent. 8, | 
05750 gram substance fused with NaOH and KNO, gave 0-0636 
gram BaSO,= 1°51 per cent. 8; deducting 0°21 per cent. S of the 
ash = 1-30 cent. 8. 


Percentage Composition of the Ash-free Substance. 


50°46 5043 — 

671 665 — — — 

17°07 «1714 — 


There is to be seen a marked difference in the content of carbon 
and nitrogen in these two products, but we will defer the discussion of 
the meaning of this fact until later. A similar difference was found in 
the specific rotation of the two vitelloses, as is seen from the following 
data. 


Protovitellose, First Digestion, 
0°2367 gram = 0-2363 gram ash-free substance dissolved in 30c.c. H,O + 
2 drops HCl gave at 24° C., a rotation, as an average of 8 readings, of 122° 
to the left. ‘Therefore with 0007878 gram substance per c.c. 


1-29° 
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Protovitellose, Second Digestion. 
0:1262 gram=0°1245 gram ash-free substance dissolved in 50 c.c. H,O + 
2 drops HCl gave at 20°C., as an average of 8 readings, a rotation of 0°23° 
to the left, Therefore with 000249 gram substance per c.c. | 


0-23° 


It was found necessary to add a drop or two of dilute acid to the 
solution in order to render it sufficiently clear for observation in a 200 
millimeter tube with sodium flame for illumination. The substance 
weighed out for these determinations was always dried at 110° C. 


Heterovitellose and Dysvitellose 


_ The insoluble matter which separated from the protovitellose solu- 
tion (solution of the sodium chloride precipitate), both before and 
especially during the dialysis, was in each case washed with water. 
It was then easily soluble in 0-2 per cent. hydrochloric acid, from which 
solution it was precipitated on neutralization. The neutralization 
precipitate was readily soluble in 0°5 per cent. sodium carbonate, in 0°2 
per cent. hydrochloric acid and in 10 per cent. sodium chloride solution. 
Boiling did not render it insoluble in dilute sodium carbonate. 

The entire amount of the insoluble matter was dissolved in 0:2 per 
cent. acid and then precipitated by neutralization with dilute sodium 
carbonate. The small amount of sodium chloride thus formed was 
sufficient to hold a little of the vitellose in solution. By repeated 
dialysis, solution and reprecipitation, nearly all of the substance was 
regained, and after thorough washing with water, alcohol and ether, it 
had the appearance of a dark brown powder with nearly all of the 
characteristic reactions of a heteroproteose. There was a constant 
tendency during precipitation, dialysis, etc. for a small amount of the 
hetero body to become insoluble in salt solution, evidently undergoing a 
change into what might properly be called dysvitellose. 

_ A sodium chloride solution of this heterovitellose shows the follow- 
ing reactions. 

Application of heat to boiling gives no sign of a coagulum, or even @ 
turbidity. Addition of a little dilute nitric acid gives rise to a precipi- 
tate which is very sensitive to heat, dissolving as the fluid is warmed 
and reappearing as the solution becomes cool. 

Acetic acid also gives a precipitate readily soluble in excess of acid 
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even in the cold; acetic acid and potassium ferrocyanide produce a 
more insoluble precipitate. 
Addition of sodium chloride in substance to saturation precipitates 


the heterovitellose completely. 


Cupric sulphate gives a heavy precipitate, insoluble in excess; 
mercuric chloride gives a turbidity which disappears with heat. 

- The behaviour of the body when heated with water is peculiar; it 
partly dissolves in boiling water, and separates out again as the water 
cools. The insoluble portion apparently already exists as dysvitellose, 
or is changed to this form by the boiling, for it is insoluble in 10 per 
cent. sodium chloride solution, though still soluble in dilute sodium 


carbonate. 


Not enough of the substance was obtained from even the two diges- 
tions for a determination of the composition of the heterovitellose. 
Nitrogen, however, was determined with the following results. 


I. 0:3461 gram substance gave 49°5 c.c. N at 11-7° OC, and 766.1 mm. 
pressure = 16°50 per cent. N. 
II, 0°1922 gram substance gave 0°0050 gram ash = 2°60 per cent. 
Ash-free : N = 16°94 per cent. 


Deuterovitellose. 


The original salt-saturated filtrate from the sodium chloride precipi- 
tate of primary vitelloses, was treated with 30 per cent. acetic acid’ as 
long as a precipitate resulted. On standing, the precipitate, composed 
of the residue of protovitellose remaining in the fluid together with 
some deuterovitellose, became more or less adherent to the sides and 
bottom of the dish, thus allowing the solution which now contained 
only deuterovitellose to be poured off. This somewhat turbid fluid was 
neutralized with sodium carbonate and then dialyzed in running water 
until the bulk of the sodium chloride had diffused. The fluid was then 
heated to boiling and saturated while at the boiling temperature with 
ammonium sulphate, first in a neutral fluid, then in an alkaline, and lastly 
in an acid-reacting fluid. The combined precipitates of deuterovitellose 
were dissolved in water, dialyzed until entirely free from ammonium 
sulphate, after which the solution was concentrated to a thick syrup 
and precipitated with alcohol, washed with alcohol and lastly with ether. 
From the first digestion 10 grams of air-dry vitellose were obtained, and 
from the second digestion 9 grams. 


1 Saturated with sodium chloride, — 
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This form of deuterovitellose is readily soluble in water, giving a 
perfectly clear solution, which remains unchanged when heated, and is 
exactly neutral in reaction. 

Saturation of an aqueous solution of the vitellose with sodium 
chloride fails to give any precipitate whatever. | 

With nitric acid, a precipitate is obtained only on addition of sodium 
chloride nearly to saturation. When sufficient acid is added, the 
characteristic yellow colour appears on boiling the fluid. Acetic acid — 
behaves in a similar manner, so far as the production of a precipitate is 
concerned. 

Acetic acid and potassium ferrocyanide cause only the slightest 
turbidity, which disappears with heat or with excess of ferrocyanide. 

Cuprie sulphate added in small quantity gives a turbidity which 
disappears on application of heat and reappears as the solution cools. 
In this connection it will be remembered that pure deuteroalbumose, 
entirely free from primary albumoses, gives absolutely no reaction with 
cupric sulphate ; the same is true of some other forms of deuteroproteose. 
In spite of this fact, we are hardly justified in assuming that the above 
turbidity produced by cupric sulphate is due to adherent proto or 


heterovitellose. It is quite as probable that the above reaction is — 


characteristic of the amphodeuterovitellose formed in the proteolysis of 
this particular vitellin, especially as both Neumeister’ and Chittenden 
and Hartwell* observed the same reaction with the corresponding 
vitellose formed in the digestion of the vitellin from the squash-seed. 

Basic lead acetate produces a precipitate soluble in excess of the 
precipitant, 

Trichloracetic acid gives a heavy precipitate which dissolves at once 
on the application of heat. 

With mercuric chloride, picric acid, tannic acid, phosphotungstic and 
phosphomolybdic acids insoluble precipitates are formed. 

With Millon’s reagent and with the xanthoprotein test the ordinary 
proteid reactions are obtained. 

Cupric sulphate and potassium hydroxide give a violet-red biuret 
reaction, 

Dried at 110°C. until of constant weight, the two preparations of 
deuterovitellose gave the following results on analysis, which show 
- something of the same kind of disagreement noticed in the composition — 
of the two preparations of protovitellose. These differences will be 
referred to again later on in this paper. 

1 Zeitschr. f. Biol, xx, p. 410. 2 This Journal, Vol. x1. p. 444. 
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II. 


ITT. 


Wik 
VIII. 


Deuterovitellose, First Digestion. 
0:3901 gram substance gave 0°2338 gram H,O = 6-65 per cent. H 
and 0°7027 gram OO, = 49°12 per cent. C. 
0°3239 gram substance gave 0°1943 gram H,O = 6°66 per cent. H 
and 0°5843 gram OO,= 49°19 per cent, C. 
0:4552 gram substance gave 66°65 o.c, N at 9:1°C. and 757°2 mm. 


pressure = 17°73 per cent. N. 


0°4753 gram substance gave 70°05 c.c. N at 9:3° C. and 754°8 mm. 
pressure = 17-78 per cent, N. 

0:5052 gram substance fused with NaOH and KNO, gave 0-0413 
gram BaSO,= 1°12 per cent. 8. 

05583 gram substance fused with NaOH and KNO, gave 0-0417 
gram BaSO, = 1-02 per cent. 8. 

1:0081 gram substance gave 0°0128 gram ash = 1°26 per cent. 
05162 gram substance gave 0°0066 gram ash = 1°27 per cent. 


Percentage Composition of the Ash-free Substance. 


49-75 49382 — 49°78 
673 674 — 6°73 
1795 1800 — — 17°97 
— 113 =1°03 1-08 


0-3916 gram substance gave 0°2346 gram H0 = 6-65 per H 
and 0°7139 gram CO, = 49°71 per cent. C. 

03139 gram substance gave 0°1885 gram H,O = 6 ve per cent, H 
and 0°5715 gram CO, = 49°64 per cent. C. 

0:4686 gram substance gave 72°7 c.c. N at 12°7° C. and 767: 9 mm. 
pressure = 18°79 per cent. N. 

0-5823 gram substance gave 90°3 c.c. N at 12°4°C. and 761 ‘7 mm. 
pressure = 18°82 per cent. N. 

0°7438 gram substance gave 0:0054 gram ash = 0°72 per cent. 
0°7356 gram substance gave 0°0052 gram ash = 0°70 per cent. 

The ash from 1°4794 grams subaanion gave 0°0129 gram BaSO, = 
0*11 per cent. 

0°6215 gram substance fused with NaOH and KNO, gave 0-0740 
gram BaSO, = 1°63 per cent, 8; deducting 0°11 per cent, S of ash 
= 1°52 per cent, 8, 
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Percentage Composition of the Ash-free Substance. 


50°06 49-99 50-03 
6°69 671 — — 6°70 


| 
| 
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The specific rotation of the products was determined with the 
following results : 


Deuterovitellose, First Digestion. 
0°1590 gram = 0°1569 gram ash-free substance dissolved in 30 c.c. H,O 


gave at 25°C., as an average of 8 readings, a rotation of 0-83° to the left. 
Therefore with 0-005233 gram substance per c.c. | 


0°83" 
Deuterovitellose, Second Digestion. | 
0°1269 gram = 0-1260 gram ash-free substance dissolved in 30 ¢.c. HO + 
2 drops HCl gave at 24°5° C., as an average of § readings, a rotation of 0-63° 
to es: left. Therefore with 0:00420 gram substance per c.c. 
0°63° 


The Acetic Acid Precipitate of Vitelloses. 


As is well known, it is impossible to make a sharp separation of 
protoproteose from a secondary proteose ; a certain portion of both must 
be sacrificed to obtain either body in a pure form. The acetic acid 
precipitate, obtained by adding this acid to the salt-saturated filtrate 
from the primary vitelloses, already referred to in the description of 
deuterovitellose, is plainly composed of a mixture of protovitellose and — 
_deuterovitellose. Still it seemed wise to examine the precipitate and 
ascertain its general reactions and composition. It was therefore 
purified somewhat by solution in water and reprecipitation by satura- 
tion with salt in the presence of acetic acid. This precipitate was again 
dissolved in water, the fluid neutralized with sodium carbonate and then 
dialyzed in running water until quite free from salts. The clear filtered 
fluid was next concentrated to a syrup and precipitated with alcohol, the 
precipitate being washed with alcohol and ether. From the first diges- 
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tion the air-dry product weighed 27 grams, while from the second diges- 
tion it amounted to 15°5 grams. 

The reactions of the substance were such as might be expected from 
a mixture of primary and secondary proteoses, with a predominance of 
the former, It is readily soluble in water to a practically neutral fluid, 
slightly turbid when concentrated, in which nitric acid gives only a faint 
precipitate in the presence of 20 per cent. sodium chloride. With 
larger percentages of salt a heavy precipitate results. Potassium 
ferrocyanide added to a solution acidified with acetic acid produces a 
more or less pronounced precipitate. 

That the substance is not composed solely of protovitellose is evident 
from the very incomplete precipitation which results from saturation of 
the neutral fluid with sodium chloride. Addition of acetic acid to the 
salt-saturated fluid of course gives a heavy precipitate, soluble in large 
- excess of acid. 

Cupric sulphate and basic lead acetate both give precipitates soluble 
in excess of the reagents, and sensitive to heat. 

Mercuric chloride, also phosphotungstic and phosphomolybdic acids 
produce precipitates insoluble in excess. With trichloracetic acid a 
precipitate results, readily soluble on application of heat. 

Analysis of the two preparations, dried at 110° C. until of constant 
weight, gave the following results, which like the analyses of the 
corresponding proto and deuterovitelloses, fail to show very close agree- 
ment. 


Acetic Acid Precipitate; First Digestion. 
I, 0°4014 gram substance gave 0-2392 gram H,O = 6°62 per cent. H 
and 0°7442 gram CO, = 50°56 per cent. C. 
II, 03140 gram substance gave 0:1892 gram H,O = 6°69 per cent. H 
and 0°5834 gram CO, = 50°66 per cent. C. se 
0°4862 gram substance gave 75°48 c.c. N at 9:4° C. and 760°9 mm. 
pressure = 18°87 per cent. N. 
IV. 0-4852 gram substance gave 74°78 c.c. N at 9°5° C. and 765-4 mm. 
pressure = 18°84 per cent. N. 
V. 05162 gram substance gave 00024 gram ash = 0°46 per cent. 
VI. 0°7618 gram substance gave 00040 gram ash = 0°52 per cent. 
VII. The ash from 1°2780 grams substance gave 0°0061 gram BaSO, = 
0°06 per cent. 8. 
VIII. 0-6959 gram substance fused with NaOH and KNO, gave 0:0605 
gram BaSO, = 1-19 per cent. 8; after deducting 0-06 per cent. S of 
the ash = 1 13 per cent. 
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IX. 0°7283 gram substance fused with NaOH and KNO, gave 0:0595 


C 
H 
N 
O 


gram BaSO, = 1:12 per cent. 8 ; after deducting 0-06 per cent. 8 of 
the ash = 1-06 per cent. 


Percentage Composition of the Ash-free Substance. 


Acetic Acid Precipitate; Second Digestion. 

04342 gram substance gave 0°2571 gram H,O = 6:57 per cent. H 
and 0°7653 gram CO, = 48-06 per cent, C. 

03328 gram substance gave 0°1978 gram H,O = 6°60 per cent. H 
and 0°5845 gram CO, = 47°89 per cent. C. 

0°4222 gram substance gave 63°65 .c. N at 14°C. and 751°3 mm. 
pressure = 17°76 per cent. N. 

0-4018 gram substance gave 60°05 c.c. N at 13-1° 0, and 760 7 mm, 


_ pressure = 17°92 per cent. N. 


0-7112 gram substance gave 0°0211 gram ash = 2°96 per cent. 
0°6868 gram substance gave 0°0201 gram ash = 292 per cent. 

The ash from 1°3980 gram substance gave 0°0547 gram BaSO, = 
0°53 per cent. S. 

05724 gram substance fused with NaOH and KNO, gave 0-0717 
gram BaSO, = 1-72 per cent. 8 ; deducting 0°53 per cent. S of the 
ash = 1°19 per cent. 8. 

0°6268 gram substance fused with NaOH and KNO, gave 00845 
gram BaSO, = 1°85 per cent. 8; deducting 0°53 per cent. 8 of ash 
= 1°32 per cent. 


Percentage Composition of the Ash-free Substance. 


Average 

49°51 4934. — — — 49°43 
6°76 6°79 — — 6°77 
18:29 1846 — 18°37 
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The specific rotation of the two products likewise shows a decided 
difference in nature, which, like the variation in composition, might 
obviously be explained on the ground of variation in the proportion of 
the individual vitelloses composing the mixture. 

Acetic Acid Precipitate, First Digestion. | 

0-6855 gram =0°6821 gram ash-free substance dissolved in 50 c.c. H,O + 
1 drop HCl gave at 20°C., as an average of 8 readings, a rotation of 2°13° to 
the left. Therefore with 0013643 gram substance per c.c. 

2°13° 

Acetic Acid Precipitate, Second Digestion. 

0-7098 gram = 0°6889 gram ash-free substance dissolved in 50 c.c. H,O 
gave at 20°C., as an average of 8 readings, a rotation of 1°73° to the left. 
Therefore with 0013738 gram substance per c.c. 


1-73° 
(*)>= 913738 7 


Amphopeptone. 


The ammonium sulphate-saturated fluids containing peptone presum- 
ably entirely free from vitelloses were freed in part from the ammonium 
salt by repeated concentration and crystallization. When this treat- 
ment had been carried as far as practicable, recourse was had to partial 
precipitation of the salt by addition of one-fifth volume of strong 
alcohol’. This was repeated several times, the alcohol being driven off 
by heat and the fluid concentrated after each separation. In this 
manner the greater portion of the ammonium sulphate was removed 
from the fluid. The peptone-containing solutions from the two diges- 
tions were then united and the last traces of the salt removed by 
dialysis in running water; the operation being continued until the fluid 
gave no reaction when tested with barium chloride in the presence of a 
little hydrochloric acid. This method was made use of in spite of the 
loss of peptone it entailed, simply because it avoided any possible chance 
of transformation, however slight, incidental to boiling the peptone solu- 
tion with baryta water or barium carbonate. The solution freed from 
diffusible salts by dialysis was next evaporated to a syrup and precipi- 
tated with absolute alcohol, after which the peptone was thoroughly 
washed with ether and dried at 110°C. until of constant weight. Only 
9 grams of dry product were obtained. 


1 Compare Kiihne, Zeitschr. f. Biol. xxx. p. 8 etc. 
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In appearance, the amphopeptone is a light yellow powder, very 
hygroscopic; exposed to the air in a loosely stoppered bottle it quickly 
absorbs moisture and soon assumes a tough gummy appearance, not 
changing materially on further standing. When the dry powder is 
thrown upon water it shows a tendency, like peptones heretofore 
described, to hiss and quickly dissolve with formation of a yellowish 
coloured solution. The solution when concentrated shows a faint acid 
reaction. 

With nitric acid’, the solution turns deep yellow in colour, but no 
precipitate is sroduced, not even on addition of a concentrated solution 
of sodium chloride. 

Acetic acid and potassium ferrocyanide cause a slight turbidity. 

Cupric sulphate at first produces no change, but on addition of a 
slight excess of the salt a very faint turbidity appears, which is cleared 
up on application of heat or by addition of more cupric sulphate. 

Neutral and basic lead acetate and potassio-mercuric iodide each 
gives a precipitate which disappears when heated, reappears on cooling 
and is largely dissolved by excess of the reagent. Picric acid also gives 
a precipitate sensitive to heat, which does not, however, dissolve 1 in an 
excess of the acid in the cold. 

Mercuric chloride, tannic acid, phosphotungstic and 
acids produce precipitates wholly insoluble. 

Chromic acid of 2 per cent. strength produces no precipitate ; 
platinic chloride of the same strength gives nothing but the slightest 
turbidity, and that only after a large excess has been added. Ferric 
chloride, when a trace only is used, causes a turbidity which vanishes 
with the least excess of the iron salt. 

Trichloracetic acid, whether added in dilute or concentrated solution, 
gives absolutely no trace of a reaction, not even a turbidity. 

On boiling the peptone solution with concentrated hydrochloric acid 
the colour becomes slightly darker; glacial acetic acid and concentrated 


sulphuric acid together give a pronounced reddish colouration. 


Boiling with plumbic acetate and-potassium hydroxide fails to cause 
any darkening of the fluid; further, as the analysis shows, the total 
amount of sulphur is very small. 

The biuret, Millon’s and xanthoprotein tests each gives character- 
istic colour reactions, the two former being particularly intense and 
beautiful. 


1 The reactions were tried with an aqueous solution of the peptone containing 3 per 
cent. of the dry substance and made exactly neutral by addition of sodium carbonate. _ 
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The reactions of the vitellin-peptone are thus seen to correspond 
closely with those previously described for other peptones’ less com- 
pletely separated perhaps from proteoses, while they may also be taken 
as evidence of the possibility of a fairly ee separation of proteoses 
from true peptones, 

_ The chemical composition of this peptone, determined from a sample 
dried at 110°C. until of constant weight, is seen in the following table 
of results : | 


Peptone. 
I. 0/3242 gram substance gave 0-1942 gram H,O=6°65 per cent. H 
and 0°5725 gram CO, = 48°15 per cent. C. 
II. 0-2917 gram substance gave 0°1722 gram H,O = 6°55 per cent. H 
and 0°5147 gram CO, = 48°11 per cent. C. 3 
III.  0°3854 gram substance gave 58°3 c.c. N at 166°C. 761°3 mm, 
pressure = 17°95 per cent. N. 
IV. 0:3921 gram substance gave 39°15 c.c. N at 16-5°C, and 762°4 mm. 
; pressure = 17-92 per cent. N. 
V. 0°5504 gram substance gave 0°0142 gram ash = 2°57 per cent. 
VI. 05424 gram substance gave 0-0141 gram ash = 2°59 per cent. 
VII. The ash from 1-0928 grams substance gave 0°0139 gram BaSO, = 
0-17 per cent. S. 
VIII. 05290 gram substance fused with NaOH and KNO, gave 0:0263 
gram BaSO, = 0:68 per cent. S; deducting 0°17 per cent. S of the 
ash = 0°51 per cent. S. 
IX. 0°5967 gram substance fused with NaOH and KNO, gave 0-0270 
gram BaSO, = 0°62 per cent. 8; deducting 0°17 per cent. 8 of the 
ash = 0°45 per cent, 8. 


Percentage of the Ashfres Substance. 


C 49-41 49°38 49°40 
H 6°82 6:72 — — 6°77 
N — — 1842 1839 — — 18°40 
O 


‘The ini rotation of the vitellin peptone was determined as 
accurately as possible with the following results: 


1 Kiihne and Chittenden. Zeitschr. f. Biol. xxu. p. 423. Chittenden and 
Goodwin, this Journal, Vol. x1. p. 34. 
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| Peptone. 

1. 0-5755 gram = 0°5606 gram ash-free substance dissolved in 100 c.c. 

H,O gave as an average of 8 readings a rotation of 0-53° to the left. There- 

fore with 0°005606 - substance per c.c. 
0°53° 

9-005606 x 2 


IL, .0-4604 gram =0-4485 gram sah-free substance dissolved in 50 cc. 
H,O gave as an average of 8 readings a rotation of 0°85° to the left. There- 
fore with 0-00897gram substance Oe. 


= 
Average specific rotation = — 47°33". 


It is thus plainly apparent from these results that the more complete 
separation of proteoses from peptone by the use of the improved 
ammonium sulphate method has not produced any noticeable alteration 
in the chemical composition of the peptone. There is to be seen here 
the same low content of carbon, so frequently commented on, while at 
the same time the percentage of carbon is no lower than has been before 
observed and reported on in peptones prepared from proteid of animal 
origin. The low content of sulphur is also in harmony with results 
previously recorded. 

While there can be no question that the isolation of the peptone has 
been more complete in this case than in separations less carefully made, 
it is perhaps still questionable whether the peptone is wholly pure. To 
be sure, trichloracetic acid, which is a very delicate precipitant for 
proteoses, fails to show any trace of a reaction with even a concentrated 
aqueous solution of the peptone, yet if this pure, dried peptone (dried at 
110° C. until of constant weight) is dissolved in water so as to make a 
fairly strong solution and is then saturated while hot with ammonium 
sulphate, a slight, gummy precipitate results. The amount of this 
precipitate is truly quite small, but still it is plainly recognizable, and 
on adding trichloracetic acid to the ammonium sulphate-saturated 
filtrate, a decided turbidity results, which disappears on heating the 
solution and reappears as the fluid again becomes cool. The slight 
precipitate produced by ammonium sulphate does not behave like 
peptone, neither does it act like a vitellose’. It dissolves readily in 
water, but it gives a very faint and uncertain biuret reaction, and we 
are more inclined to look on it as a trace of some impurity which is with 


1 Compare Kiihne, Zeitschr. f. Biol. xxrx. p. 310, ete. 
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difficulty preeipitable by ammonium sulphate, perhaps coming from the 
pepsin solution, or possibly as a slight alteration product formed by the 
heat, rather than as a trace of vitellose or of peptone. 

We certainly do not see in this observation’ any ground for belief in 
the lack of individuality of peptone, or any reason for accepting the 
view that so-called peptone is simply a mixture of non-precipitable albu- 
mose with some other substance or substances of unknown nature. 
There are too many marked points of difference, both chemical and 
physiological, between these two classes of bodies, as any one who is 
familiar with both proteoses and peptones will admit, to allow of such a 
construction of the above reaction. It is rather an illustration of the 
difficulty attending the separation of proteoses and peptone, and of the 
extreme care that is necessary to obtain anything like a pure specimen 
of either proteoses or peptone. 


Comparison of the two Digestions. 


Some of the results obtained by this study of the vitelloses and pep- 
tone formed in gastric digestion can be best presented in the form of 
a comparison of the two digestions. 

Bearing in mind that the chief point of difference in the siinditlons 
under which the two digestions were conducted is in the length of time 
proteolysis was continued, it is interesting to note the effect on the 
quantity of the individual products. This is clearly shown in the two 
tables which follow. 


A. 


Digestion I. Digestion II. 
Conditions 150 grams Vitellin at 40°C. | 135 grams Vitellin at 40°C. 
for 72 hours for 10 days 
Per cent, of Per cent. of 
grams _ total Vitelloses grams total Vitelloses 

Protovitellose 20 35°0 70 22°0 
Acetic acid precipitate 27 155 49-0 
Deuterovitellose ee 10 17°5 9-0 29-0 

Total 100-0. | 315 100-0 


1 Compare Pekelharing, Acad. v. Amsterdam, 25, m1, 1898, also Centralbl. Sf. Physiol, 
vu. p. 43. Kihne, Zeitschr. f. Biol. xxrx. p. 1. 
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TaBie B. 
Digestion as I, (72 hours) II. (10 days) 
: per cent. | per cent. 
Vitelloses? 38 23 
Peptone, etc.’ 77: 
100 100 


Obviously, these results are not to be taken as representing exactly 
the actual amounts of vitelloses and peptone formed, for there must have 
been considerable loss of vitelloses by dialysis ete., incidental to their 
purification, But they may be considered as a fairly accurate picture of 
the relative proportion of primary and secondary vitelloses formed under 
these widely different conditions, Thus, we see from Table A, that in 
the shorter digestive period the primary product, protovitellose, is far 
more prominent than in the longer continued digestion, where the 
secondary products are especially prominent. Further, as is seen from 
Table B. the percentage of vitelloses as a class is considerably less in the 
first digestion than in digestion IL, the amount of peptone being cor- 
respondingly increased. The facts presented illustrate forcibly the idea 
that the proteolytic action is a progressive one, passing through various 
intermediate stages represented by the different proteoses, to the final 
stage of peptone; they show how the latter product predominates as the 
_ proteolysis is prolonged or is more vigorous. We may also find confirma- 
tion in these results of the general view that proteoses are always to be 
found in every artificial gastric digestion, no matter how favourable the 
_ conditions under which proteolysis is carried on ; i.e. the conversion into 
peptone is never complete, there is always observed a certain residue of 
proteoses more or less resistant to further proteolytic action’. 

It is also to be noticed, in conformity with previously recorded results, 
that these progressive changes are most prominent in the early stages of 
digestion ; after a certain point has been reached progression is very 
slow, the disappearance of deuteroproteose and the formation of peptone 
being then a very gradual process. 


1 Calculated on the vitellin used. 

2 By difference. 

® Compare Chittenden and Hartwell, This Journal, x1. p. 445; also Chittenden 
and Amerman, Ibid. xrv. p. 495. 


4 
a 
a 
ryt 
a 
Ua 
4! 
4 
pal 
G 
G 
> 
5 
> 
4 
yi » 


"8 & H. CHITTENDEN AND L. B. MENDEL. 


The next point to be considered is the chemical composition of the 
several proteolytic products formed in these two digestions. In 


@ general way, the results are in close harmony with previous results 


obtained in the proteolysis of other proteids; i.e. the carbon content of 
the primary vitellose is about the same or a little lower than that of 
the mother proteid, while the composition of the deutero body shows a 
still further falling off in carbon, and the peptone a decrease even more 
noticeable. The point which we wish to call special attention to, how- 
ever, in this case, is the noticeable difference in composition between 
the vitelloses of the two digestions. 

The following table will enable the reader to appreciate the extent 
of these differences : | 


Comparison of Composition of the several Products. 
Cc H N 8 
Vitellin 51°63 18:78 0-90 


First digestion 
Protovitellose 51°55 1890 1:09 
Acetic acid precipitate 50°85 : 18°94 1-10 
Deuterovitellose 49-78 1797 108 
Second digestion 
Protovitellose 50°45 17710 11-28 
Acetic acid precipitate 49°43 18°37 
Deuterovitellose 50°03 70 18:93 
Combined products 
Peptone 49°40 18-40 
Heterovitellose — 16°94 
Antivitellid 50°18 14:74 


Thus, it is to be observed that protovitellose as obtained from the 
first digestion (72 hours at 40°C.) differs widely in composition both as 
regards carbon and nitrogen from the corresponding body of the second 
digestion (10 days at 40°C.). Since the main difference in the conditions 
attending the formation and separation of these bodies is to be found in © 
the length of time the respective digestions were continued at 40° C. we 
naturally look to this quarter for the explanation of the difference, 
especially as other observations of this character have already been 
recorded’. Further, recent experiments on the proteoses resulting from 


Cy 1 Chittenden and Hartwell, this Journal, Vol. x1. p. 445, 
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egg-albumin by the action of super-heated water’ have shown plainly 
that the composition of the resultant products varies decidedly with the © 
length and intensity of hydrolytic action. At the same time, as with 
the vitelloses now under consideration, the reactions of the individual 
products are always the same, at least essentially so, from which we seem — 
forced to the conclusion that there may be several bodies, perhaps a row, 
representing different stages of hydration and yet all possessed of certain 
reactions in common which render us unable, at least at present, to 
separate or even recognize them by ordinary chemical tests. The 
corresponding vitelloses from these two digestions are exactly alike in 
their chemical reactions ; they differ only in their chemical composition, 
and perhaps in their specific rotation. It would be an easy matter to 
dismiss these differences on the ground of errors in analysis, etc., but 
great care was exercised to avoid such errors, and we are confident that 
the results recorded represent the actual composition of the products 
described. It would be a very tempting theory to claim that the 
variation in the content of carbon, for example, im a given body is 
dependent upon the extent, or length, of the hydrolytic process, but the 
results will not bear out such a theory; it might apply to the two proto 
bodies, but it does not accord with the facts as seen in connection with 
deuterovitellose. Thus this latter body, separated from the first diges- 
tion, has a lower content of carbon than the corresponding body separated 
from the second digestion where proteolysis was continued for 10 days. 
Further, the nitrogen in the latter product is 1 per cent. higher than in 
the like body from the first digestion. We must confess our inability 
to furnish a satisfactory explanation of all the variations in composition 
between the like bodies formed in these two digestions. We do, how- 
ever, feel that in a general way they give evidence of changes in the 
chemical composition of a given proteose dependent upon the extent of 
the proteolysis ; changes which are not to be discovered by the chemical 
_ reactions of the body. | 

In other words, pepsin-proteolysis leads to the formation of a row of 
products by hydration and cleavage, of which we recognize at least four, 
viz. protoproteose, heteroproteose, deuteroproteose and amphopeptone. 
Corresponding to each of these proteoses there may be a row of closely 
related bodies, so closely related that they cannot be distinguished by 
chemical tests, the extent of their formation being dependent upon the 
length or intensity of the proteolytic process. This idea is simply in 


1 Chittenden and Meara, this Journal, Vol. xv. p. 530. 
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harmony with the view that pepsin-proteolysis results in a gradual but 
progressive hydrolysis, the above proteoses representing certain well- 
defined steps or stages in the process. The methods of precipitation 
and separation at present available enable us to differentiate only the 
above-mentioned products, but the minor variations in composition, so 


frequently seen in the study of these proteolytic products, suggest some 


such explanation as has been given. 

It is further to be noted that the corresponding vitelloses from the 
two digestions show a noticeable difference in their specific rotation, 
which is difficult to explain except in some such manner as has been 
suggested in connection with the corresponding variations in com- 
position. 

The specific rotation of the individual bodies i is shown in the 
following table of results: 


Digestion I. Digestion II. 
Vitellin — 43°48° 
Protovitellose — — 46°18° 
Acetic acid precipitate — 78:06° — 62-96° 
Deuterovitellose — 79°30° — 75-00° 
_Peptone — 47-33" 
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THE MORPHOLOGY AND DISTRIBUTION OF THE 
- WANDERING CELLS OF MAMMALIA". By A. A. 
KANTHACK, M.D., M.R.C.P., Lecturer on Pathology to St 
Bartholomew's Hospital, ann W. B. HARDY, M.A., Fellow of 

Gonville and Caius College, Cambridge. (Plate II.) 3 


(From the Physiological Laboratory of Cambridge University.) 
Parr I. InTRopuctory. CLASSIFICATION oF CELLS. 


A FOUNDATION for our knowledge of the morphology of the wandering 
cells, or sporadic mesoblast, was made by Wharton Jones in 1846°. 
In the first of three memoirs published in the Philosophical Transactions 
for that year, he described the cells of the blood and lymph in 
cartilaginous and osseous fishes, in amphibia, in birds and in mammals. 
The second memoir included the cells of the “lymph” of worms, insects, 
crustaceans, and molluscs. In the third memoir the author compared 
the cells found in vertebrates with those found in invertebrates. 
Throughout these memoirs the white corpuscles are regarded as the — 
young forms of the red corpuscles. Putting this aside, a great advance 
was made in the clear. recognition of the fact that the white cells of . 
blood and lymph are not all of one kind. Two main classes of cells 


“™* were described (i) the “granule cells,” and (ii) the “nucleated cells.” 


The granule cells were again divided into a coarsely granular variety, 
and a finely granular variety. It is interesting, in connection with the 


1 The research has been carried out on Man and on Rodents (Rat, Mouse, Rabbit and 
-Guinea-Pig). _ Since, however, excursions to other mammals (Dog and Ox) have revealed 
similarity of structure and function, and not differences, we feel that we may extend our 
results to the higher Mammals, Our thanks are due to Prof. M. Foster, Sec. R.S8., who 
has aided us in all departments of this work, and to Dr Ruhemann who has advised us 
in all that relates to the chemistry of the dyes employed. Part of the expense of this 

2 Wharton Jones. Phil. Trans, 1846. 
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purport of the second part of our paper, to note that the author 


describes himself as having borrowed the term “granule cell” from 
Professor Vogel, who first applied it to the form of cell ‘developed in 
inflammatory exudations.” Streaming movements of the substance of 
both granule and nucleated cells were noticed, though the author does 
not appear to have recognised in these the manifestation of independent 
locomotor activity. 

In 1863 Rindfleisch’ confirmed the existence of granular (Kérn- 
chenzellen) and non-granular forms of colourless corpuscles in the frog. 

In 1865 Max Schultze® carried the knowledge of the wandering 
cells to the furthest point attainable with the methods then in use: 
namely, the study of fresh living cells. By observing fresh blood on the 
warm stage, this author was able to identify and describe the following 
forms :— 

(i) a small round cell not larger than a red corpuscle, composed of 
a round nucleus enclosed by a thin film of clear protoplasm which did 
not exhibit amoeboid movement. The diameter of the smallest of 
these cells was found to be 0°005 mm. 

(ii) Cells like these but larger, the increased size being due to the 


‘possession of more abundant protoplasm which showed amoeboid move- 


ments. 

(iii) Cells whose protoplasm contains fine granules and imbeds one, 
two, or more nuclei. Diameter 0°009—0°012 mm. These cells are 
amoeboid and from their abundance are to be regarded as the typical 
colourless blood cell. 

(iv) Cells whose protoplasm contains coarse granules and shows 
amoeboid movements. 

After Max Schultze no further advance was made or indeed was 
possible in the histological analysis of the sporadic mesoblast until 
Ehrlich’, in 1878, furnished a rational basis for the use of staining 
reagents by his far-reaching discovery that the elective affinity of certain 
constituents of tissues for particular stains could be referred to two factors, 
the chemical nature of the staining substance employed and, a point too 
often neglected by workers who have followed his methods, the nature 
of the medium in which the stain is dissolved. Ehrlich drew particu- 
lar attention to the granules, the possession of which characterises 


1 Rindfleisch. Experimentalstudien tiber die Histologie des Blutes. Leipzig, 1863. 

® Max Schultze. Arch. fiir mikr. Anat. 1. 1, 1865. 

3’ Ehrlich. Verhandlungen d. physiol. Gesellschaft zu Berlin, 1878-79, No. 8. And 
Farbenanalytische Untersuchungen, Berlin, 1891. 
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various forms of wandering cells. These he divided into five classes 
differing either in their special affinity for basic, acid, or neutral dyes, 
or in size. The a@ or eosinophile granulation colours only with acid 
dyes, the 8 granulation colours with both acid and basic dyes (ampho- . 
phile), the y granulation colours only with basic dyes and the individual 
granules are large, the 6 granulation colours only with basic dyes; but 
the individual granules are small and the ¢ granulation colours only in 
neutral dyes. The nomenclature of the granules was extended to the 
cells bearing them. Thus the various forms of white cells found by 
Ehrlich in blood were (i), a small cell free from granules, to which the 
name lymphocyte was given, from the fact that it appears to be 
developed in lymphoid tissue. This is the small non-amoeboid form — 
of Max Schultze: (ii), a cell characterised by possessing fine granules 
and one or several nuclei. This is by far the most numerous form of 
white blood corpuscle in mammalia, and was found by Ehrlich to be 
neutrophile in man, and amphophile in rabbits and guinea-pigs: (ili) the 
eosinophile cell, or coarsely granular cell of Wharton Jones and Max 
Schultze. It occurs only in small numbers in the blood of mammalia, 
but is abundant in the blood of lower vertebrates : (iv) a basophile cell 
with fine basophile granules (6 granulation). ee 

The mononuclear amoeboid cells of Max. Schultze (ii) are ap- 
parently grouped with the neutrophile cells by Ehrlich. In addition 
to these forms Ehrlich describes a basophile cell with coarse granules 
(y granulation), occurring mainly in connective tissues and also in the 
blood of frogs but not in the blood of mammals. These he calls 
‘Mastzellen.’ Unfortunately neither Ehrlich nor his pupils appear to 
have attempted the formulation of a connected account of all these 
forms of wandering cells—in other words, the morphology of the tissues 
as a whole, the only exception being the attempt to classify the cells as 
lymphocytes and myelocytes according to whether they have their origin 
in lymphatic glands or in bone marrow. 

From what we have said so far it will be seen that the group of 
finely granular blood corpuscles described by Max Schultze includes 
the amphophile and neutrophile, and the finely granular basophile cells 
of Ehrlich. Since Ehrlich’s work no contribution to our knowledge 
_ of the morphology of the wandering cells has been made except on 
points of detail. Mention must, however, be made of the groups of cells 
recognised by Metschnikoff’ in his treatise on inflammation (1892). 
There the term “leucocyte,” originally applied by the French school of 

1 Metschnikoff. L’Inflammation. Paris, 1892. 
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physiologists, is used to designate wandering cells, and the following 
varieties are recognised (i) lymphocytes, (ii) mononuclear leucocytes 
with abundant protoplasm and a round nucleus, (iii) polynuclear 
leucocytes or “leucocytes neutrophiles,” (iv) eosinophile leucocytes. 
Ehrlich’s grouping of the granules discussed. Our researches have 
led us to the conclusion that Ehrlich’s grouping of the cells is 
imperfect in that it has reference solely to the micro-chemical reactions 
of their specific granules, and none to the relation one to another of the 
cells which contain these bodies. We have also been led to conclude 
that granules having a purely neutrophile reaction have not been 
proved to exist, and that the term “neutrophile cell” is, at any rate 
when applied to the finely granular and most abundant colourless 
corpuscle of human blood, a misnomer. For these fine granules have an 
oxyphile reaction (i.e. they stain with acid dyes) quite similar to, but 
very much less intense than that shown by the coarse a or eosinophile 
granules. 
The neutrophile granule. The reaction of granules with acid dyes or, 
as we should perhaps say, the union of the granule substance with the 
acid pigment, is, as Ehrlich pointed out’, dependent for its occurrence 
or non-occurrence on the nature of the solvent of the dye. He found 


- that the staining power of the dye was greater in an aqueous solution, 


and less in a glycerine solution; and on these lines Schwarze’ 
classified the acid dyes as weak or strong, the weak dyes staining only 
when dissolved in water, the strong dyes staining in both aqueous and 
glycerine solutions though, of course, very much more strongly in 
aqueous solution. Orange G, for instance, stains only in aqueous 
solution, eosine stains with overwhelming power in aqueous solution, 
but has a markedly selective action when dissolved in glycerine 
colouring those substances only which are strongly oxyphile. We have 
carried this distinction a stage further by using solutions of eosine in 
strong alcohol, for these have an even weaker staining action than 
glycerine solution. 

In this way we can distinguish three grades of granules differing in 
the intensity of their affinity for acid dyes: (i) those which stain with 
eosine only in aqueous solution or in alcoholic solutions of a percentage 
below 60: (ii) those which stain with eosine in both aqueous and 
glycerine solution but are not coloured by a solution of the dye in 


1 Verhandlung d. physiol. Gesellschaft zu Berlin, 1878-79, No. 20. 
\ 2 “Ueber eosinophile Zellen”; Inaugural Dissertation, 1880. Reprinted in Farben- 
analytische Untersuchungen of Ehrlich. Berlin, 1891. 
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strong alcohol (90 to 95°/.): (iii) those which stain with aqueous, 
glycerine and strong alcoholic solutions’. 

The neutrophile and amphophile granules of Ehrlich constitute the 
first grade, they are granules which have a minimal attraction for acid 
dyes or, briefly, a minimal oxyphile reaction. The neutral mixture of 
Ebrlich is, chemically speaking, not a neutral dye, but an exceedingly 
powerful though withal an exceedingly differential acid dye, colouring 
very intensely oxyphile granules of all gratles. So far as we can gather, 
there are no chemical facts which warrant the assumption that a 
mixture of the two rosaniline derivates acid fuchsine and methyl green 
with the acid azo-dye Orange @ will form a neutral dye. In point of 
fact, the only dyes to which, from their chemical constitution, the term 
“neutral” can be rightly applied are those coloured salts which are 
formed by the union of colourless acid and a colourless base, and in 
which, therefore, the whole salt is a chromophore and not simply the 
acid or the basic radicle. The fuchsines and methyl green are instances 
of such truly neutral dyes, and, in neutral solutions, they do not colour 
the granules in question. 

Seeing that the fine granule of that form of white corpuscle which is 
most abundant in the blood has an affinity for acid dyes which, though 
it be small as compared with the very great affinity displayed by the 
large eosinophile or @ granule, is quite clear and distinctive, and that it 
has no affinity to and is not coloured by basic dyes or by truly neutral 
dyes, we propose to discard the doubtful and possibly misleading term 
“neutrophile,” and in its place to call these granules the fine oxyphile ~ 
granules, and the cells bearing them the finely granular oxyphile cells, 

as opposed to the coarse oxyphile granule or eosinophile granule and 
coarsely granular oxyphile cells *. 

The other term which was applied to the finely granular rs, 
cells by Metschnikoff and others, namely, “polynuclear leucocyte” i 
not satisfactory, seeing that, as Fleming, we believe, first pointed ie 
the different nuclear masses which are dispersed through the body of the 
cell and appear at first sight to be distinct nuclei are, in point of fact, 


1 It is not our purpose to give any complete account of the factors which modify these 
micro-chemical tests. We may, however, note that the density of the solution of the 
stain affects the reaction. In order to eliminate this factor we used in ‘all cases a satu- 
rated solution. 

Eosine throughout this paper refers solely to Griibler’s “‘ wasserlésliches Eosin.”. 

2 This classification has also been adopted by Sherrington, Proc. Royal Soc. uy. 
p- 186 &c. 
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joined by threads or bars of nuclear substance so that the cell is really 
mononuclear with a very much branched nucleus. 

The recognition of the fact that the fine granule of the common 
blood corpuscle of mammalia is oxyphile gives to Ehrlich’s classifica- 
tion of the specific granules of wandering cells greater simplicity and 
homogeneity, since it enables us to arrange them in two main groups, 
each group being again sub-divided into two. These are :— 

(a) Coarse oxyphile granules (eosino- 
i: Oxyphile granules phile of most writers). 
(b) Fine oxyphile granules. 
(a) Coarse (Ehrlich’s y granulation). 
And similarly the wandering cells of Mammalia fall into three 


groups :-— 
a) Coarsel ular oxyphile cells. — 
(a) Coarsely granular basophile cell. 
mT a on-granular cells or as we have elsewhere termed them, 
Hyaline cells. 
_- To these would be added a fourth group :— 
IV. Immature cells, or lymphocytes. 


METHODS EMPLOYED. 


The reactions of substances to basic and acid dyes are modified by 
the manner in which the tissues are prepared for staining. Heat, as 
Ehrlich pointed out, intensifies the oxyphile reaction of the granules’, 
fixation with corrosive sublimate, osmic acid, and Flemming’s fluid 
also modifies the histo-chemical reactions. It is therefore necessary 
to adopt some standard method of preparation for obtaining what may 
be then called the standard oxyphile or basophile reactions. 

Standard method. The films, whether of fixed tissue, of blood or of 
lymph, were allowed to dry at the temperature of the room. The 
stain most commonly used was eosine in saturated aqueous and glycerine 
solutions and in alcoholic solutions in which the alcohol formed 50, 75, 
80, 85, 90 and 95 per cent. Orange G@ was also used in saturated 
aqueous, and in saturated alcoholic solutions. The Ehrlich-Biondi 
mixture as supplied by Griibler and the “neutral” mixture of Ehrlich 
which is composed of acid fuchsine, methyl green, and Orange G were 


Farbenanalytische Untersuchungen, p. 14. 


| 
5 


WANDERING CELLS OF MAMMALIA. 87 


also used. The films stained with the aqueous solution of eosine were 
exposed to it for the shortest possible time and were then washed for 5 
minutes in 95 per cent. spirit, dried between filter papers and stained 
with Loeffler’s solution of methylene blue. Films stained in glycerine 
eosine were dipped in the solution and. then washed in 95 per cent. 
alcohol until all the glycerine was removed. They were then immersed 
for a moment in fresh alcohol, dried between filter papers and stained 
with Loeffler’s solution. To stain in the alcoholic eosines the films 
were immersed in the solution for 15 seconds, washed in two changes of 
95 per cent. spirit (total time 1 minute), dried between filter paper and 
stained in Loeffler’s solution. The Loeffler’s solution was in all 
cases washed off with water after which the films were finally dried and 
mounted in balsam. 

It will be noticed that the excess of eosine was always washed off 
with 95 per cent. spirit, and in order to secure trustworthy results, 
this point must be attended to with scrupulous care. If, for instance, 
a film which has been stained in alcoholic or glycerine eosine is washed 
in water, it is exposed in the process to an aqueous solution of the dye 
which, though dilute, has a staining power considerably above that of 
the alcoholic solution, and often above that of the glycerine solution. 
Orange G in saturated aqueous and saturated alcoholic solutions ; 
haematoxyline’ in neutral saturated aqueous solution, and sodium 
sulphindigotate in saturated aqueous solution were used as weak 
acid dyes. 
The weak acid dyes (Orange G, cosanbatelios, and sodium sulphin- 

digotate) were washed out with water. The mixtures (Ehrlich- 
Biondi and the “neutral” mixture) were washed out with water. 
Sometimes however in order to secure more differential acid staining 
the Ehrlich-Biondi mixture was washed out with 95 per cent. spirit. 
This point will be specially noticed whenever reference is made to 
this stain. 

It is obvious that if eosine in aqueous solution has a very high 
staining. power, and in strong alcohol only a very weak staining power, 
the staining power of a saturated solution of eosine in a mixture of 
water and alcohol will become less as the amount of alcohol present 
becomes greater. In other words, that the staining power varies — 
inversely as the amount of alcohol present. Therefore, by using 
solutions of eosine in spirit of different strengths very delicate and 


' Schwarze. loc. cit. and Farbenanalytische Untersuchungen, p. 90. 


| 
% 
a 
q 
a 
‘ 
4 
2 


88 A. A. KANTHACK AND W. B. HARDY. 


exact discrimination may be made between the intensities of the 
oxyphile reaction of various substances. 

In order to preserve very unstable cells, or to fix cells in the 
position they occupy when attacking micro-organisms, very rapid 
fixation by heat was resorted to. Some of the fluid, e.g., peritoneal 


_ fluid, was brought on to the surface of a carefully cleaned cover-glass 


which was then at once immersed in the flame of a Bunsen’s burner. 
It is not easy to stain successfully films fixed in this way, because the 
coagulated plasma colours intensely with methylene blue. We over- 
came this difficulty by volatilising the excess of methylene blue with 
the heat of a small spirit flame. 

Since film preparations cannot be relied upon to show the true 
size or shape of cells, measurements and drawings were made from 
fluid preparations made by quickly adding to fresh blood or other fluid 
three times its volume of a dilute solution of methylene blue in 40 per 
cent. alcohol to which a-trace of caustic potash and of osmic acid had 
been added. This solution is especially valuable for the cells of blood ; 
indeed without its aid it would be difficult to study the finely granular 
basophile cell. In order to make a successful preparation, it is above 


all things essential that the staining fluid be added to the amount of at 


least three times the volume of the blood before clotting takes place. 
It will then be found that the blood is rendered laky and the refractive 
index of the fluid is so nearly that of the stroma of the red corpuscles 
that these bodies become quite invisible, so that the wandering cells 
may be counted or examined with the same ease as in lymph. In 
preparations of this kind differences in the refractive indices of granules 
form a striking feature. 

In order to determine the relative abundance of the various forms 
of cells it is very necessary not to use a pipette; the fluid must be 
allowed to run or drop on to the cover-slip or slide. The percentage of 
the basophile cells is especially affected by using a pipette since these 
are very adhesive and remain attached to the sides of the pipette. 


DESCRIPTION OF THE CELLS AND OF THEIR Disrasmusicn 
IN THE Bopy. 


7 this section the cells are dealt with in the rn in which they 
occur in the scheme given on page 86. 
The Oxyphile Cells. 


1. The coarsely granular oxyphile cell, or eosinophile cell (Figs. 1, 
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2,6; 7, 8, 10, 12 (a), and 14), varies in size in different animals, not 
only absolutely, but relatively to the dimensions of the other classes of 
cells, In man it is larger than either the hyaline cell, the finely 
granular oxyphile cell, or the finely granular basophile cell. In the 
rat, rabbit, and guinea-pig, on the other hand, it is smaller than the 
largest hyaline cells, but larger than the finely granular oxyphile and 
basophile cells 

The nucleus is iygheally an elongated body bent to form a horse- 
shoe. In the rat the arms of the horse-shoe are carried so far round 
that in film preparations the ends often overlap, giving to the nucleus 
the appearance of a circle with a large hole in the centre (Figs. 7 and 
10 a). Sometimes the nucleus is lobed, but we are inclined to regard 
this appearance as being largely due to the stresses to which the 
nucleus is subjected when the cell is dying. In the living cell at rest, 
_when it is spherical, the shape of the nucleus, so far as it can be deter- 

mined by the disposition of the cell-granules, is a simple horse-shoe or 
crescent. A distinct nuclear network is present. 
Cell granules. The cell granules are relatively large, phate: or 
slightly ovoid bodies, and are sharply marked off from the cell sub- 
stance by their very high refractive index, which is so great that in 
fluid preparations the granules have a brilliant greenish lustre (Figs. 1, 
8,and 12a). The cell-substance in which they are imbedded has the 
appearance of a clear transparent structureless jelly. The intensity of 
the oxyphile reaction of these granules differs in different animals but 
is always high. Thus it is very high in the case of the granules of 
man; these staining with eosine dissolved in 95 per cent. alcohol ; it is 
lowest in the granules of the rat which do not stain with eosine in 
strong alcohol, but do colour with eosine in glycerine or in alcohol 
below 85 per cent. The granules also stain with weak acid dyes, such 
as Orange G, haematoxyline and sodium sulphindigotate. Ehrlich- 
Biondi’s mixture (washed out with 95 per cent. spirit) colours these 
bodies brown-purple, and the “neutral” mixture (washed out with 
water) stains them a very intense red purple. Corrosive sublimate 
increases the oxyphile reaction as does also heat when applied to the 
dried film*, 

2. The fimely granular Oxyphile cell (Figs. 1, 2, 8, and 6b, 11, 
12 c, and 15 6), is always smaller than the coarsely granular oxyphile 


1 The dimensions of the various cells are given in the table on p. 101. 


- 2 Of, Sherrington, op. cit. pp. 189 and 190 where a description is given of this cell i in 
the blood of the cat. —_. 
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cell. On the other hand, it is in man and the guinea-pig rather 
smaller than the hyaline cell, and in the rat and rabbit very con- 
siderably smaller. The nucleus is an exceedingly irregular structure 
branching throughout the cell (Figs. 2 and 6 b). The branches swell out 
here and there into masses of an irregular shape, the intervening or 
connecting portions being of the nature of slender bars or threads. A 
fine and close nuclear network can be detected. | 

The granules are very small spherical bodies which crowd the 
otherwise clear and optically structureless cell-substance. They have a 
refractive index only slightly above that of the medium in which they 
are imbedded so that they are scarcely visible when unstained (Figs. 1 } 
and 12c). Their oxyphile reaction is much feebler than that shewn 
by the large granules of the coarsely granular oxyphile cells. Thus 
they do not stain with the weak acid dye Orange G, nor do they stain 
with eosine, except in an aqueous solution or in an alcoholic solution 
in which the alcohol is less than 60 per cent. On the other hand, 
they stain with the fuchsine and orange of the “ neutral” mixture and 
with Ehrlich-Biondi’s mixture. The dye, however, can be washed 
out by strong alcohol. Long exposure to haematoxyline stains them and 
they colour though very feebly with sodium sulphindigotate. In this 
case they do not retain the colour in presence of water unless it con- 
tain a trace of the dye in solution. | 

The finely granular cells of the rabbit need special mention. The 
granules of these cells constitute the 8 granulation of Ehrlich to 
which he gave the name of “amphophile” granulation. According to 
the nomenclature of Ehrlich this name can mean only that the 
granules to which it is applied stain both with acid and with basic 
dyes. Taken in this sense we cannot see why the fine oxyphile 
granules of the rabbit were termed amphophile, since so far as we 
know they fail to stain with any basic dyes. . On the contrary, we find 
them to possess an oxyphile reaction much above that of the similar 
granules of the other mammals investigated by us, and we are thus led 
to regard them as especially interesting. Thus the fine oxyphile 
granules of man have an oxyphile reaction which is slightly less intense 
than that shown by the red corpuscles, but the fine oxyphile granules 
of the rabbit possess a reaction considerably above this level, and often 
verging closely upon that shown by the coarse oxyphile granules of the 
rat’. The red corpuscles in all cases fail to stain with eosine in glycerine 
solution or in alcoholic solution when the alcohol is above 80 per cent., 

1 Cf. Sherrington, op. cit. pp. 186—189, © 
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or with aqueous haematoxyline or sodium sulphindigotate ; but the fine 
oxyphile granules of the rabbit stain deeply with eosine in glycerine 
solution, and in alcoholic solution when the alcohol is not above 90 per 
cent. They also colour with aqueous solutions of sodium sulphindigotate 
and haematoxyline though very slowly in the last case. The fine 
oxyphile granules of man, rat, mouse and guinea-pig do not stain with 
eosine in glycerine solution, nor in alcoholic solution when the per- 
centage of alcohol is above 75. 

Corresponding with the higher oxyphile reaction we find that the 
fine oxyphile granules of the rabbit have a higher refractive index than 
have the similar granules in the other animals. 

The oxyphile reaction and refractive index of the fine oxyphile 
granules of the rabbit may be very readily raised above the normal by 
the presence in the blood of minimal amounts of microbic poison, in 
other words, by what are commonly known as immunising doses. The 
rabbit is peculiar in the readiness with which this change may be 
induced, No confusion of the two types of oxyphile cells, however, 
follows this change, and we only allude to the fact in passing because it 
might, and possibly-has, led to a certain amount of confusion, especially 
when we bear in mind that so many apparently healthy rabbits have 
cocci and bacilli present in the cells and fluid of the peritoneal cavity. 

Distribution of the Oxyphile cells. In the animals examined the 
coarsely-granular oxyphile cell°is abundant in the fluid occupying the 
- pleural; pericardial and peritoneal cavities—in other words, in the coe- 
lomic fluid—in the interstices of areolar connective tissue throughout 
the body, and in peripheral lymph channels. There are also considerable 
numbers of these cells in bone marrow and in parts of the spleen and 
lymphatic glands. 

The coelomic fluid of mammals is very richly supplied with wander- 
ing cells, indeed it presents from this cause a cloudy turbid appearance. 
Of the cells present from 30 to 50 per cent. are coarsely granular 
oxyphile cells (Figs. 7, 8, and 12a and 14). In connective tissue again, 
the total number of these cells must be very great, for the thinnest — 
film spread out on a slide will frequently show from 5 to 10 in a single 
field of a Zeiss D, Oc. 4. Thus this cell has an extraordinarily wide 
distribution outside the vascular system. In sharp contrast to this 
it occurs in very small numbers only in the blood, forming not more 
than 2 to 4 per cent. of the white corpuscles there. Wherever found 
the cells agree in all their histological features—in size and shape, 
in the features of the nucleus, and in the histochemical reaction of 
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their granules.) We must however except certain of the individuals 
occurring in bone marrow and in the spleen. Further, under appro- 


priate stimuli the cells of any particular locality may proliferate rapidly. 


Therefore, we cannot at present point to any part of the body as 
the head quarters, or special place of origin of these coarsely granular 
oxyphile cells, and in the present state of our knowledge we can assign 
no special significance to the accumulation of these cells in the con- 
nective tissue of lymphatic glands of the spleen, and of bone marrow. 

The relation of the coarsely granular oxyphile cells to the lymphatic 
system, how far for instance the extra-vascular cells, under normal 
conditions, find their way by its aid into the blood, is very obscure. 
For the present we will content ourselves with pointing out that they 
appear to be always more abundant in the lymph-capillaries and vessels 
on the far side of lymphatic glands than in the thoracic duct. 

The finely granular oxyphile cell has a very limited and precise 
distribution, for under normal conditions it is entirely absent from 
extra-vascular spaces and occurs only in the blood, where it is by far 
the most numerous corpuscle forming from 20 to 70 per cent. of the 
total number of white corpuscles. The fluctuation in this percentage is — 
probably due in the main to the great periodic variations in the 
number of lymphocytes present in the blood. Thus the effect of a 
meal is to cause a considerable increase in the number of lymphocytes 
in blood and, therefore, a fall in the share of the total white corpuscles 
due to finely granular cells. If this disturbing factor be eliminated . 
and the percentage of the finely granular oxyphile cells be taken of the 


adult white corpuscles only, then this is found to be always very high ; 


in man 75 to 90 per cent., and lowest in the rabbit 50 to 70 per cent. 

Thus the group of oxyphile cells. falls into two sub-groups defined 
by marked histological peculiarities, and by the fact that. the cells of 
the one sub-group inhabit almost exclusively the extra-vascular body 
spaces, notably those derived from or in communication with the 
coelomic spaces; while cells of the other oer inhabit solely the 
vascular channels. 


The Basophile Cells. 


1. The coarsely granular Basophile cells igs 4, 7, 9, 10, 13, and 
17) have been described by Ehrlich’ under the name of ‘Mast- 
zellen’ and their existence in the coelomic spaces and in the connec- 


1 Ehrlich. Loc. cit. 
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tive tissues was recognised by him and by Ranvier’. The cells of the 
connective tissues and those of the coelomic fluid differ slightly in size 
and shape, and we will therefore deal with them separately. 

, The coarsely granular basophile cell found in the coelomic fluid is, 
so far as we know, under normal conditions not endowed with the power 
of amoeboid movement. It is a large cell having the form of a very 
much. flattened sphere which might not inaptly be compared with a 
millstone whose edges had been very much rounded off (Figs. 7 b, and 9). 
The nucleus is rounded, occupies a central position and seems to be 
singularly devoid of chromatin, staining with difficulty. The cell 
substance, clear and optically structureless, is charged with a very great 
number of exceedingly large spherules, the basophile “ granules.” 

The coarsely granular basophile cell of the connective tissue (Figs. 
106, 13 a,¢,d, and 17) differs from the other forms of wandering cells in 
that it appears to be, at any rate in the normal animal, not only non- 
amoeboid like its coelomic brother but also stationary. It is therefore, 
except perhaps under certain conditions, not strictly a wandering cell. 
It is of a rounded or slightly polygonal shape and usually is more | 
flattened, and so rather larger in its extreme dimensions, than the cell 
of the coelomic fluid. In its other histological features, such as the 
nature of its granules, nucleus, and cell substance, it exactly resembles 
the coelomic cells. | 

The granules in both cases are the same, and in the rat and mouse 
are large spherules of an average diameter of rather more than 1 yp. 
Like all forms of basophile granules their refractive index differs only 
slightly from that of the cell substance, and they are therefore almost 
undistinguishable when unstained. Their large size enables one to study 
them in detail, and they are found to present certain features of interest. 
When microbes or microbic poison or “ irritants” are present, these cells 
are frequently found with their granules so changed that they no longer 
stain, or stain imperfectly. In place of all the granules in the cell stain- 
ing, all or some of the granules are now refringent spherules of the same — 
size as the normal granules, but they either completely refuse to stain, 
or they stain in patches. The phenomenon very strongly suggests that 
these granules are not entirely composed of the basophile substance, but 
rather are composed of an unstaining groundwork with which the 
staining basophile material is associated but from which it may be 
removed. 

The unstable or explosive nature of the coarsely granular 

1 Ranvier, Comptes Rendus, T. ox. p. 768. 
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basophile cells in certain animals, is one of their most remarkable 
characters. In the rat and mouse perfect preparations of these cells 
may be very easily made, but in the guinea-pig and rabbit they can be 
preserved only with the most rapid fixation by heat or corrosive 
sublimate or absolute alcohol. In these animals the mere exposure of 
the coelomic fluid to the air, or to contact with a coverslip for a few 
seconds is sufficient to cause their complete disappearance. Cells 
characterised by great instability have been described elsewhere in 
Astacus? as the “explosive” cell, of that animal, and the basophile 
cells of the guinea-pig and rabbit might, with equal justice, be designated 
the explosive cells of those animals. Under the influence of certain 
chemical stimuli, as will be seen later, the basophile cells of the rat also 
become explosive. The instability of the coarsely granular cells of the 
guinea-pig and rabbit is so marked and constant a feature that Ranvier 
was unable to detect their presence in the coelomic fluid of these animals, 
and came to the conclusion that they were absent*. Examples from 
the guinea-pig are shown in Fig. 13, (a) being from the wall and (6) from 
the fluid of the peritoneal cavity, while (d) and (c) represent the 
appearance produced by the bursting of the cells in a film of connective 
tissue. | 

‘The finely granular basophile cell (Figs. le and f, 6d, 12¢, 15e) © 
unlike the last, is a small cell, being usually the smallest of all the 
wandering cells. It is spherical in shape and possesses a character- 
istically trilobed nucleus. The cell-substance is clear and optically struc- 
tureless, and usually contains an immense number of minute granules 
which often appear as mere points, and are characterised by staining a 
very opaque blue or purple colour with methylene blue. Another very 
characteristic feature is the fact that the cell substance colours a purple 
or pink tinge with the methylene blue solution. 

These cells may be readily studied in man and the rabbit, in 
preparations of blood made with the aid of the methylene blue solution. 
In the rat, however, these cells appear to be very unstable, and the 
methylene blue solution fails to preserve them. They may, however, be 
found in films of blood fixed with the greatest rapidity with absolute 
alcohol. The blood is allowed to drip from a cut vessel on to a carefully 
cleaned coverslip—the excess blood is shaken off the coverslip which is 
then plunged into absolute alcohol. Staining may be best effected by 
immersing the film in 20 to 30 per cent. spirit to which a trace only of 


1 Hardy. This Journal, xin. Nos. 1 and 2. 
2 Ranvier. Comptes Rendus, oxu.., footnote p. 923. 
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methylene blue has been added. In preparations of the blood of the 
guinea-pig made with the methylene blue solution, cells are found like 
the one shown in Fig. 12¢. The granules are large and stain with the 
methylene blue, they are therefore, at least under certain conditions, 
basophile. It is this cell which appears in Table IL as the finely 
granular basophile cell of the guinea-pig. We are not, however, at all 
certain that it is really identical with the very characteristic and readily 
detected cell of man and the rabbit. Our knowledge of the finely 
granular basophile cell, however, is so deficient that it is perhaps wisest 
for the present to class it as we have done. 

Distribution of the basophile cells. The distribution of the coarsely 
granular basophile cells in the body resembles that of the coarsely 
granular oxyphile cells in so far that they occur in the coelomic fluid 
and in the interstices of the connective tissue.. But, unlike the latter, 
they are not merely rare but completely absent from the blood’. 
Moreover while they form only 10 per cent. (in the rat and mouse) of 
the cells of the coelomic fluid, they are exceedingly numerous in 
connective tissue spaces, where they form sometimes an almost complete 
sheath for the lymph capillaries. 

The finely granular basophile cell. These we have found solely in the 
blood, and even there they are present only in small numbers (1 to 5 
per cent.). Their presence and the extent to which they are charged 
with granules appears to depend very closely on events occurring in the 
alimentary canal. Thus, in man six to eight hours after a meal, these 
cells can be detected in the blood only with difficulty, owing largely to 
the fact that they contain but few granules. About two hours after a 
meal, however, they can be found with ease and are then seen to form 
an appreciable percentage of the white corpuscles. Similarly, they form a 
very conspicuous feature heing relatively speaking abundant, and very 
heavily laden with granules, in the blood of a rabbit which has been 
kept unfed for ten hours and then given a full meal (cf. Table L.). To 
say that these cells are found in the body only in very small numbers 
being confined to the blood and scanty even there, is probably only 
equivalent to saying that we are at present very. ignorant as to their 
history, distribution and significance. However, since we find this cell 
in the blood but do not find it either in the coelomic fluid or in the 
interstitial spaces of the tissues (except perhaps in those of the mucous 


1 Blood obtained by plunging a fine pipette into the heart rarely fails to contain one 
from them. 
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coat of the alimentary canal), we must, until further facts are forth- 
coming regard it as the basophile cell of the blood. 

Thus our present knowledge of the basophile cells leads us to class 
them in two great groups—a sub-group with coarse granules occurring 
only in the extra-vascular spaces, and a sub-group with fine granules 
occurring only within the vascular system, and these sub-groups corre- 
spond closely in structural characteristics and distribution with the sub- 
groups of the oxyphile cells. At the same time we regard the grouping 
together of the finely granular basophile cell which is so scarce and the 
finely granular oxyphile cell which is so abundant in blood as blood cells | 
to be based as much upon ignorance as upon knowledge. 

The Hyaline Cell. Figs. 1, 2,3, 6,7 c, 8 and 12 b, and lic. 

- This is usually of about the same size as the coarsely granular 
oxyphile cell and rather larger than the finely granular cell. When at rest 
it is a spherical cell but, owing to its pseudopodial activity, it mostly 
appears as a somewhat tenuous body of very irregular shape. The nucleus 
is usually spherical, it is sometimes kidney-shaped probably as a result of - 
the mode of killing the cell. A very fine nuclear network with large 
meshes spreads through the nucleus and, in most preparations, a nucleolus _ 


is present. The cell substance is always free from discrete granules, it is 


not, however, very transparent but presents rather the appearance of 
ground glass. 

Distribution in the body fluids. The hyaline cell occurs both in 
blood and in the extra-vascular spaces and, unlike the granular cells, we 
are unable to point to any histological differences except perhaps in 
point of size between the forms found in the blood and those found 
elsewhere. At the same time, this cell is rare in the blood (2 per cent.), 
while it is abundant in the coelomic fluid where it forms about 50 to 70 
per cent. of the cells, so that its distribution accords closely with that of 
the coarsely granular oxyphile cell. 

We may here point out certain homologues of the hyaline with the 
other cells. The cell substance of the hyaline cells differs, at first sight, 
from that of the granule bearing cells, in taking a faint diffuse coloura- 
tion with basic dyes. The highest powers of the microscope, however, 
frequently resolve this cloudy and apparently continuous colour into a 
number of stained points (Figs. 8 and 12 b); and the cell substance of 
the dead hyaline cell is then seen to be composed of an optically 
structureless substance remarkably indifferent and resistant to all stains, 
embedding a staining substance dispersed throughout it in the form of — 
a cloud of minute particles. We have had occasion again and again to 
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define the cell substance of the granule bearing cells as optically 
structureless, and it also resembles the basis of the cell substance of the 
hyaline cells in its resistance to stains. Therefore, viewed from the 
standpoint of the morphology of the cell, the defined and specialized 
granules of the oxyphile and basophile cells are homologous with the 
amorphous “points” of staining matter in the hyaline cell. The 
structural differences are of degree and not of kind. 

_ But the question, What are the homologues of the granules in the 
less specialized cells? can be carried further towards solution, if we 
interpret the structure of the cell substance of a dead hyaline cell by 
what can be seen in living specimens; though, unfortunately, facts of 
the order of those which we are now considering can only be 
intelligibly expressed in terms of some hypothesis, the simpler the 
better. 

A striking. physical peculiarity of the cell substance of a living 
hyaline cell is its opacity. The whole thickness of a resting cell is small, — 
and when spread out in amceboid movement, it forms extremely thin 
films; yet, in spite of this, it hides or blurs to a marked extent the out- 
lines of any object over which it may happen to lie. So great an 
opacity in so thin a colourless membrane can only be produced in two 
ways, (i) by the formation of refracting surfaces within the membrane, 
‘owing to the presence of substances having different refractive indices, 
and (ii) by the disposition of these surfaces in such a way that they are 
concave or convex, or, if plane, inclined at some angle other than a nght 
_ angle to the rays of light. A simple structure of this order would be 
composed of two substances having different refractive indices, the one 
forming a continuous basis in which the other is embedded in the form 
of spheres or rounded masses. If these spheres or spheroids were 
sufficiently small and sufficiently near together, a very thin membrane 
having considerable translucency but slight transparency would be the 
result. 

Following out this hypothesis we may suppose the cell substance 
of the hyaline cell to be composed of a colourless basis, embedding 
multitudes of minute spaces or vacuoles filled with a substance, possibly 
more fluid, of a different refractive power, and we may suppose that the 
action, for instance of the alcoholic solution of methylene-blue, is to 
precipitate the contents of these tiny spaces to a minute mass of stained 
matter. Further, following out this hypothesis, the specific granule 
may be regarded as the specialized homologue of the contents of one or 
of a multitude of these tiny vacuoles. 
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IMMATURE ForMS OF WANDERING CELLS PRESENT IN THE— 
Bopy FLvIps. 


Three forms of immature cells are readily ieipaioed 3 in the various 
body fluids of a normal animal. These are as follows:— 

(i) A small round cell characterised by possessing a deeply staining 
horse-shoe shaped nucleus embedded in scanty cell substance. The cell 
substance is charged with minute granules which give the same re- 
actions as the coarse oxyphile granules (Fig. 7a’), that is to say, using 
the ordinary terminology, they are undoubtedly eosinophile granules. 
The diameter of the cell in the rat is 65. We have found it only in 
the coelomic fluid, and from this fact and from its histological characters 
we may unhesitatingly regard it as the immature form of the coarsely 
granular oxyphile cell. 

(ii) A round cell, somewhat larger than the last (diameter 8 to 9 p). 
It possesses a spherical nucleus and the cell substance is charged with 
small basophile granules (Figs. 7b’, 8c). It is readily distinguished 
from the finely granular basophile cell of the blood by its nucleus, which 
is a simple sphere instead of being trilobed, and by its granules, which 
are larger, each being a distinct though small spherule. We have found 
this cell only in the coelomic fluid and we may without hesitation 
regard it as the immature form of the coarsely granular basophile cell. 

(iii) A small cell which, like the first described, is 6°5 ~ in diameter 
(rat) and possesses a deeply staining nucleus and scanty cell substance 
(Figs. 1d, 5, 7c’, 15d). The nucleus, however, is spherical and the cell 
substance is free from granules. These cells have been called lympho- 
cytes, from the fact that they are produced in lymphatic glands. They 
occur in both blood and coelomic fluid, and in the lymph of the thoracic 
duct. Their number in blood varies in different animals and at 
different times, and is especially dependent on the digestive activity of 
the alimentary canal, a meal causing a considerable rise. The blood of — 
the rabbit is characterised by containing them in especial abundance, 
after a full meal they may in this animal form 70 to 80 per cent. of the 
wandering cells present’. Similarly, in man, about two hours after a full 
meal they form as many as 30 per cent. of the cells, Thus active 
digestion produces a condition of the blood which may be called 
lymphocytosis. On the other hand, starvation decreases the number of 
these bodies. relatively to the other cells. The blood of a rabbit 
deprived of food for 12 hours was found to contain under 20 per cent. of 


4 Okintschitz, Arch. f. exp. Path. u. Pharm. Vol. xxx1., 1893, 
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these cells. We have reason to think that lymphocytes are produced in 
lymphoid tissue no matter whether it be found in lymphatic glands, in 
the spleen, or elsewhere; and from their histological characters we 
might infer that they are the young forms of the hyaline cells; and we 
may advance this view with some approach to certainty, for we find in 
coelomic fluid and in blood, as Max Schultze showed, not only 
lymphocytes but also all stages of increase in size and relative abund- 
ance of cell substance until they merge into undoubted hyaline cells. 
- Beyond this, however, we cannot go, and the further question whether 
any of the lymphocytes are also the young form of other wandering 
cells is at present so far from solution that we scarcely have facts at our 
disposal sufficient to warrant us in discussing the probable answer. © 
Ouskoff', as a result of the study of the histology of blood, arrived at 
the conclusion that these cells developed into the finely granular 
oxyphile cells. As the original paper is in Russian we are ignorant 
of the facts on which he bases this conclusion. Certain observations, 
however, appear at first sight to discredit this view. Briefly they 
amount to this, if by irritants we produce a local increase in the 
number of the leucocytes in, for instance, a lymphatic gland, the result 
always is the development of a very large number of actively amceboid 
and phagocytic hyaline cells. The finely granular oxyphile cells are 
invariably absent, unless the lesion is excessive and involves the blood 
vessels. Muir’ also points out that in a form of the disease leuco- 
cythemia which is characterised by a large increase in the number of 
lymphocytes and hyaline cells in the blood there is not only no increase 
in the number of the “ polynuclear leucocytes” (finely granular oxyphile 
cells) but very frequently an absolute diminution. — 


CoMPARATIVE MORPHOLOGY. 


Under this heading but little can be said that can have any pretence 
to finality, but certain broad conclusions may be pointed out. The 
great feature of the structure and arrangement of the sporadic meso- 
blast of the mammalia is the comparatively sharp division of the 
structure into two portions, one of which mainly inhabits the blood 
spaces, while the other is gathered into the coelomic spaces, and 
distributed through the body in the interstitial spaces of the connective 


1 Le Sang comme tissu. §. Petersbourg, 1890 (in Russian), quoted by Metschnikoff 
in L’ Inflammation. 
® Jour. of Pathology, Vol. 1. p. 123. 1892. 
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tissues. Each of these great divisions comprises three classes of cells, 
an oxyphile cell, a basophile cell, and a hyaline or granule free cell. 
This feature, namely, the differentiation of the tissue into two distinct 
and complete portions is, if the frog may be regarded as typical, absent 
in the similar tissue of the lowest vertebrates, for in the frog we find 
that the tissue comprises only three forms of cells, an oxyphile cell, a 
basophile cell, and a hyaline cell, which are found indifferently in- 
habiting the vascular and extra-vascular spaces. 

The more special question of the origin and morphological relation 
of the several classes of cells which make up the sporadic mesoblast of 
the mammalia is still obscure. Here again, however, certain though 
partial conclusions may be drawn. We may assume that the three cells 
of the extra-vascular, or, as it might conveniently be called, the 
coelomic portion, ought to be considered as being entirely distinct from — 
one another in life history and function, until convincing evidence to 
the contrary is forthcoming. It is difficult to see how the very peculiar 
and very specialized non-ameeboid basophile cell can be derived from 
either of the other much smaller forms. And the real and permanent 

distinctness of the coarsely granular oxyphile cells and the hyaline cells 
is also rendered probable on three grounds: firstly, the presence in the 
coelomic fluid of the young form of each; secondly, the difficulty of 
conceiving how the hyaline cell can develop into the oxyphile cell since 
the former is larger and has different functions from the latter; and, 
thirdly, the difficulty of conceiving the converse change, namely, the 
passage from a complex glandular cell endowed with the power of 
storing up granules definite in shape and in their histochemical charac- 
ters to a comparatively unspecialized cell which has none of these 
attributes’. Yet, although such evidence points to the independence of 
each other of the several coelomic cells, we are ignorant of the relations 
of these cells to those of the blood. We cannot, for instance, determine 
whether the oxyphile cell of the coelom may or may not change into 
that of the blood or vice versa, and we are also largely ignorant of the 
special seat of origin, if they have any, of these several classes of cells, 
and whether even if they have entirely different life histories they may 
develop from a common type of young cell. 


1 Cf. Sherrington, op. cit. p. 203. 
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The facts of structure and distribution of the cells composing the 
sporadic mesoblast of the higher mammalia may be — in 
schematic form as follows: a 


Division I. 


Hemal cells; charac- 


terised by being rela- 
tively small cells and 
having fine specific 
granules. 


I. Oxypuite. 


II. Basopuite. 


III. Hyatine. 


Nucleus branched; spe- 
cific granules small, with 
relatively feeble oxy- 
phile reaction. (The 
coarsely granular cells 
also occur to a limited 
extent in the hemal 


system.) 


Nucleus lobed ; 


specific grau- 
ules very small. 


Nucleus round ; 
no specific 
granules, 


Division II. 
Cells of coelomic and 
interstitial spaces. 
Characteristic, large 
size of cells and gran- 


ules. 


Nucleus crescentic ; spe- 
cific granules large with 
intense oxyphile re- 
action. 


Nucleus round ; 
granules very 
large. 


| Nucleus round ; 


no specific 
granules, 


Part II. ON Certain ACTIVITIES OF THE COELOMIC CELLS. 


In an earlier paper on the phenomena displayed by the wandering 
cells of the frog when in the presence of microbes and microbic poisons’, 
we stated at the outset that our researches demonstrated a disparity 
of function between the different classes of wandering cells comparable 
to the disparity in form. In what follows an extreme disparity of 
function will be shown to exist between the varieties of the coelomic 
cells of mammalia, and, as in the case of frog, we would again point to 
these marked differences of function as affording the strongest reasons 
for believing that the different forms of wandering cells have each a 
distinct and separate physiological significance. 


LEUCOCYTOSIS AND CHEMIOTAXIS, | 


By the term leucocytosis is meant an increase in the number of 
wandering cells present in any defined area, or in the body as a whole. 


We may therefore speak of local leucocytosis or of general leucocytosis. 


Leucocytosis, whether local or general, may be referred to two possible 
1 Kanthack and Hardy. Proc. Royal Soc. Vol. uu. p. 267 and Phil. Trans. 1894. 


re" 
ag 
2% 
& 
eee 
| 
i 
a: 
13 
4 
2 
vg 
| 
| 
"A 


WANDERING CELLS OF MAMMALIA. 103 


causes—to an excessive proliferation of the wandering cells already 
present in the area affected, or to an excessive immigration, usually 
from the blood. It is obvious from what we said in Part I. concerning 
the distribution of the wandering cells, that a cell accumulation pro- 
duced by local proliferation must consist solely of coelomic wandering 
cells, whereas, if the lesion involves the blood capillaries the boundaries 
between the vascular and extra-vascular cells will be obliterated and a 
cell accumulation of mixed character will result. On the other hand a 
leucocytosis which was limited to the’ blood would affect solely the 
hemal system of wandering cells. | 

The real distinctness of the two forms of leucocytosis, hemal 
leucocytosis and coelomic leucocytosis as they might for convenience 
be called, may be demonstrated either by producing very localised cell 
accumulations in connective tissue, in chambers or fine tubes placed 
under the skin, or in a coelomic cavity; or by determining what may be 
called the order of arrival of the various cells by observing from time to 

time the character of the cells in any leucocytic focus. 

If for instance Ziegler’s chambers or capillary tubes which have 
been filled with bacilli, or their products, or some “irritant” such as 
nitrate of silver and turpentine, are placed under the skin or in the 
peritoneal cavity and are allowed to remain there for periods up to 
24 hours they will be found to contain a multitude of cells solely of the 
coelomic type. If however the irritant is situated in such a position 
that it appeals to the blood vessels of a vascular membrane rather than 
to the cells of the connective tissue spaces, then the cells will be those 
of the hemal system. Even in these cases however we usually find in 
the earliest stages a preponderance of the coarsely granular oxyphile 
cells. In cutaneous blistering for instance the irritant appeals im- 
mediately tv the blood vessels of the dermis; and in over 30 blisters 
produced on ourselves or on others with the liquor epipasticus we found 
that the cells present were mainly of the blood type, though the coarsely 
granular oxyphile cell was always more abundant relatively to the 

others than in blood. 

| Experiments of this nature bring to light differences between the 
different forms of wandering cells as regards their rate of accumulation, 
or, as it is generally expressed, chemiotaxis. Thus the first cell 
attracted by microorganism or irritants is always the coarsely granular 
oxyphile cell. Indeed in the majority of the tube or chamber ex- 
periments although many thousands of cells bad crowded i in — were 
almost all of this ‘yee : 
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If we ask ourselves the question where do these cells come from we 
_are able to answer positively, in the case of chambers placed under the 
skin, that they have their immediate origin in the surrounding con- 
nective tissue. Fig. 19 shows the striking appearance presented by a 
film of connective tissue taken from the immediate neighbourhood of a 
Ziegler’s chamber filled with a dilute broth culture of the cholera 
vibrio after 74 hours’ sojourn under the ventral skin of a guinea-pig. 
The chamber was found to contain multitudes of the coarsely granular 
oxyphile cells, and a comparison of figure 19 with figure 20 will show 
how strikingly abundant were these cells in this teuconytie focus as 
compared with the normal connective tissue. 

The experiments which we have performed bearing on the subject- 
matter of this section may be divided into four sets. These are (1) the 
introduction of chambers or tubes containing irritants or cultures of 
microorganisms into the peritoneal cavity; (2) the introduction of 
similarly prepared chambers under the skin; (3) the introduction of 
copper into the anterior chamber of the eye; and (4) the production 
of skin blisters by an irritant (liquor epipasticus). The operations 
necessary in the first three cases were always performed under anzs- 
thetics, and with antiseptic precautions. — 

1. Tubes or Chambers in the Peritoneal Cavity. Fine capillary tubes 
were used and were filled with very dilute nitrate of silver, or turpentine, 
or with the diluted filtrate from a broth culture of pyocyanine which had 
been passed through a Chamberland’s filter. The tubes were placed 
in the peritoneal cavity of rabbits and in 6 to 18 hours the animals 
were killed and the contents of the tubes converted into films. In all 
cases the cells were almost without exception of the coarsely granular 
oxyphile type and were present in great numbers. 

The chambers used were those known as Ziegler’s chambers. 
They were made in the usual way by cementing together two coverslips 
separated by a circular strip of tin foil. .Two small openings situated at 
opposite points were made and through these, by means of capillary 
attraction, the chambers were filled with broth cultures of bacilli which 
were not more than one to two days old and had been considerably 
diluted with fresh sterile broth. 

The chambers were inserted through a slit about ? inch long made 
in the linea alba ; the wound was then sewn up and dressings applied. 
They were allowed to remain in the peritoneal cavity for 2, 2} or 7 hours. 
The animal was then killed and the chambers were at once removed and 
the cells on the external surface and those in the interior were examined 


Z 


5% 
4 
4 
4 
| 
H 


WANDERING CELLS OF MAMMALIA. 105 


at once and without the addition of any reagent. In this way the cells 
were seen to perform amceboid movements, and to be attacking the 
bacilli (Fig. 21). The chambers were then split open and the cells 
adherent to the external surface and those in the interior were examined 
with the aid of the methylene blue solution, and as film preparations. 

The statements made as to the relative abundance of the different 
forms of corpuscles are founded upon countings made with fresh unopened 
chambers and with stained preparations. 

Cultures of Bacillus ramosus, Bac. anthracis, and of the comma 
bacillus were used and the experiments were performed on rabbits and 
guinea-pigs. 

The perforation of the abdominal wall led in all cases to a certain 
amount of bleeding into the peritoneal cavity, and therefore to the 
presence in the peritoneal fluid of red corpuscles and of a variable 
number of the finely granular oxyphile cells, in addition to the normal 
cells of the peritoneal fluid, namely, the coarsely granular oxyphile cell, 
the coarsely granular basophile cell, the hyaline cell, and lympho- 
cyte. 

After their sojourn in the animal the chambers were in all cases 
found to contain red corpuscles and in some cases also a few flat epi- 
thelial cells with large round flattened nuclei were present. Doubtless 
these had been detached from the peritoneal membrane by the friction 
of the edges of the chambers. There were present, in addition to these 
accidentally introduced bodies, intrusive wandering cells. These, unlike 
the red corpuscles and epithelial scales which were distributed irregu- 
larly over the interior of the chambers, were massed at the openings and 
spread thence fanwise through the interior; both as isolated cells and 
as masses aggregated round chains of bacilli. 

The cells adherent to the external surface of the chambers included 
the normal cells of the peritoneal cavity together with often a striking 
number of the finely granular oxyphile cells. ~ 

So far we have set down the phenomena common to all the experi- 
ments; differences however appear according to the nature of the 
bacillus employed when we turn to the number and character of the 
wandering cells present in the interior of the chambers. 

As in the case of the tube experiments the different forms of ade 
ing cells do not invade the chambers indifferently in numbers corre- 
sponding to their relative abundance in the external fluid, and if we 
consider simply the order of arrival of the different forms we find, again 
as in the tube experiments, that in all cases the coarsely-granular oxy- 
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phile cells are the first to make their way and the Geet t0-abteck the 
bacilli. 

If however we consider the rate of arrival of the different forms then 
a striking difference is found between chambers filled with cultures of 
the virulent forms Bac. anthracis, and-the comma bacillus, as compared 
with those occupied by culture of the non-pathogenic Bac. ramosus, for 
in the former case the wandering cells other than the coarsely granular 
oxyphile cells do not succeed in invading the chamber to any marked 
extent even in 7 hours, the longest period over which our experiments 
extended, in the latter case the hyaline cells are found to have in- 
vaded the chamber in enormous nu ners | in as short a period as 24 
hours, 

A further difference between virulent and non-virulent cultures 
appears when we consider the total number of cells present in the 
chamber. For instance comparing the experiments in which the chambers 
were allowed to remain in the peritoneal cavity for two hours we find 
that in the case of Bac. ramosus the number of cells present can only be 
expressed by the word “countless”; whereas in the case of the virulent 
forms the total number though very large might have been counted 
with the aid of extreme patience. 

The examination of the contents of the chambers occupied by cultures 
of virulent and non-virulent bacilli convinced us of the very unsatis- 
factory nature of the evidence which has been adduced to prove in 
migratory cells what is known as “negative chemiotaxis.” — 

In our experiments we compare the influence on the cells of waltarce 
of a non-pathogenic bacillus? with that of cultures of bacilli which 
are rapidly fatal to the animals employed, and yet we find that the 
phenomena observed differ only in degree, for in both cases the cells are 
attracted to and invade the area occupied by the bacillus, and in both 
cases the order in which the different cells make their way in is the 
same. In both cases therefore positive chemiotaxis is seen. 

Further, though, as we have pointed out, a very marked difference 
is found in the rate of accumulation of the cells in the chambers yet it is 
by no means certain that this can be referred to an equally marked 
difference in the rate of arrival or rate of attraction of the cells. An 
examination, especially in the fresh condition of chambers which have 
been filled with cultures of virulent bacilli, shows that very rapid 

_ 1 The injection of the whole of a large and thick broth culture of Bac. ramosus into the 


peritoneal cavity of a rabbit does not appear to cause the animal any serious incon- 
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destruction and Seinteaietion of cells is in process in the interior ; all 
conditions from cells with imperfect granulation to those which have 
become reduced to a thin bladder-like vesicle surrounding the swollen 
and distorted remains of the nucleus are to be seen in especial abund- 
ance in the neighbourhood of heaps of bacilli. Until we know some- 
thing of the rate of destruction of the cells, a certain amount of caution 
must be exercised in referring the paucity of cells present to the action 
of negative chemiotaxis. ie 

2. iegler’s Chambers placed under the Skin. In order to insert the 
chambers a small slit was made in the loose skin on the ventral surface 
_ and then the skin was separated from the subjacent muscle on either 
side of the slit with a blunt instrument. In this way two spaces were 
hollowed out of the loose connective tissue and a chamber was placed in 
each. A slight amount of bleeding into the spaces always occurred. 
Tilute broth cultures of Bac. ramosus and the comma bacillus were used 
_ to fill the chambers, which were then allowed to remain under the skin 
for from 74 to 94 hours. 

It is unnecessary to describe in detail the contents of the chambers 
when removed since what we have said of similar chambers placed in 
the peritoneal cavity holds for these experiments. We will therefore 
briefly state that after 7 to 9 hours’ sojourn the chambers were found to 
contain in the case of the comma bacillus considerable numbers, in the 
case of Bac. ramosus enormous numbers of the coarsely-granular oxyphile 
cells. On the external surface of the chambers and in the serous exuda- 
tion which distended the cavities in which they lay were free coarsely- 
granular oxyphile cells and hyaline cells together with a number of cells 
from the blood—but the total number of cells free in the fluid was not 
great. The most striking change was found in the connective tissue 
which formed the walls of the space in which the chambers were placed, 
for this was packed with an immense number of the coarsely-granular 
oxyphile cells together with a smaller number of the coarsely-granular 
basophile cells. A teased-out film of areolar connective tissue (Fig. 20) 
taken from a normal animal is seen to consist, so far as bulk is concerned, 
mainly of the fibrous matrix. Fixed in spaces in this matrix are the 
connective tissue corpuscles and a limited number of the coarsely- 
granular basophile cells, and a few coarsely-granular oxyphile cells are 
also always’ present. In a similarly prepared film taken from: the 
wall of the space which has lodged a Ziegler’s chamber for 7 to 9 
hours, the matrix and its connective corpuscles are seen as before, 
and no evidence of change in either element is observable in these 
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preparations. But these now form only a small proportion of the bulk 
of the tissue, for adherent to the lamelle or bands of connective tissue 
are masses of wandering cells in such countless numbers as to render the 
thinnest film that can be teased out almost opaque when stained. It 


_ would be difficult to exaggerate the physiological significance or the 


extent of the change produced. In 7 to 9 hours after the chambers 
have been inserted the coarsely-granular oxyphile cells and the coarsely- 
granular basophile cells have accumulated to such an extraordinary 
extent that there are thousands where there was previously but a single 
cell, and the walls of the cavity are now no longer mainly inert, dead 
matrix, but are formed by a continuous mass of packed living cells 
which constitute a barrier between the microorganisms and their poisons 
and the rest of the body possessed of the profound chemical potential- 
ities of protoplasm, which we must therefore look upon as being endowed 
with powers of destruction and powers of construction—of the destruc- 
tion of the poisons of the bacillus, and of the construction of bactericidal 
substances. 

The first worker to suggest the connection of the oxyphile granula- 
tion with the conflict with microbes was Hankin. He succeeded in 
isolating in vitro a bactericidal substance from the lymphatic glands of 
cats and dogs’, and this discovery led him to the view that the resistance 


of animals to the growth of microbes is due to the production in their 


bodies of substances possessing bactericidal properties to which he gave 
the name of defensive proteids*. To these bodies Buchner, who was | 
working on the same lines, gave the general name of “alexines*.” In 
seeking the origin of alexines in the body Hankin was led to the . 
conclusion that they are formed by the wandering cells. He found 


support of this view (1) by showing in conjunction with Kanthack 


that outside the animal body during fever a rise in the bactericidal 
power of the blood occurs part passu with the increase in the number 
of leucocytes present‘, and (2) by showing that this increased bacteri- 
cidal power is apparently correlated with a discharge of oxyphile 
granules, coarse or fine, into the plasma’. In this way Hankin asso- 


1 **A Bacteria-killing Globulin.” Proc, R. S. Vol. xuvut. 1890. 

2 The Conflict between the Organism and the Microbe.” Brit, Med. Journal, July, 
1890. 

3 Miinchener med. Woch. No. 25, 1891. 3 

* Hankin and Kanthack. ‘On the Fever produced by the Injection of sterilized 
Vibrio Metschnikovi cultures into Rabbits.” Proc. Camb. Philos. Soc. Vol. viz. Pt. v1. 
5 Centralblatt f. Bakt. u. Par. 1892, Vol. x11. 22 and 23, and also 1893, Vol. xrv. 25. 
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ciates the bactericidal powers of the body in the first place with the 
wandering cells in general, and in the second place with the fine and 
coarse oxyphile granulation in particular. Our observations on the 
accumulation of coarsely granular oxyphile cells at a centre of infection, 
and on the discharge of the oxyphile granules during the conflict of 
particular cells with the microbes may be said to give further support 
to Hankin’s view. 

Nothing is more remarkable shee the fixed habit of the cells. As 
we have already noticed the serous exudation contains comparatively 
speaking only a very few free corpuscles. The application of a coverslip 
to the connective tissue fails to dislodge the cells, and even the spread- 
ing out of a portion of the fresh tissue on a coverslip to form a film 
frees only a few. Yet an examination of such teased films with high 
powers convinces one that the cells are not in the lamelle of connective 
tissue but are closely attached in layers two, three or several cells deep 
to their surfaces. 

There is yet another inference which may be drawn from ‘the 
experiments with Ziegler’s chambers, In all cases, both when the 
chambers were placed in the peritoneal cavity and when they were 
placed in cavities in the subcutaneous connective tissue, the surrounding 
fluid contained in addition to the cells of the coelomic portion of the 
sporadic mesoblast, a very appreciable number of finely granular 
oxyphile cells derived from the blood which had found their way there 
together with red corpuscles and other elements owing to slight bleeding. 
In our experiments we always found that the finely granular oxyphile 
cells either were not found within the chamber or were present in much 
smaller relative numbers than in the fluid outside. | 

3. The Introduction of Copper into the Anterior Chamber of the Eye 
of a Rabbit. A small strip of copper foil carefully sterilised was used 
for this experiment. The operation was carried out on a deeply 
anesthetised animal, the cornea being moreover rendered anesthetic 
with sterile cocaine, and with all possible antiseptic precautions. The 
wound healed rapidly and completely. The aqueous humour however 
became charged with cells and the copper was dissolved. After 2 or 3 
days the animal was killed and films were prepared from the aqueous 
humour. These showed a large number of cells consisting practically 
of the coarsely granular type (about 95 per cent.). 

4. Blisters. These were produced on the forearm on ourselves and 
on others. In the fully formed blister the fluid contained both forms 
of oxyphile cells, and hyaline cells, In all cases the majority of the 
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cells present were of the finely granular oxyphile type, that is to say 
the leucocytosis is chiefly hzmal in character. 

The proportion of coarsely granular oxyphile cells varied between 6 
to 45 per cent., some individuals producing blisters with a large number 
of these cells, while in others they were always scanty. 

In certain cases the blister fluid was examined from time to time, 
and a variation in the proportion of the cells at different periods was 
detected. Only a few cases were followed in this way but they agreed 
in showing the presence of a larger relative number of coarsely granular 
oxyphile cells in the early stages. 


ON THE EFFECT ON THE CELLS OF THE INTRODUCTION OF CULTURES 
OF BACILLI INTO THE PERITONEAL CAVITY AND INTO BLISTERS. 


In these experiments the bacilli used were either Bac. anthracis, Bac. 
pyocyaneus, or the comma bacillus, and the animals employed were 
rats or guinea-pigs. The amount injected was usually small. 

After a certain interval the animals were killed, the peritoneal 
cavity carefully opened and the fluid from various regions examined as 


fluid preparations or as films stained in various ways. The cells were 


always counted with a +,th oil immersion and Oc. 4, The cells were 
entered in different columns according to their nature, the extent to 
which they were charged with granules and whether they were or were 
not attacking or ingesting bacilli. No possible means suggested itself 
to us of measuring the total amount of fluid in the peritoneal cavity, 
and we therefore judged it useless to measure the total number of cells 
per cubic millimetre. Thus the percentages obtained convey only 
a limited information. | 

The first and instantaneous effect of the introduction of cultures of 
bacilli into the peritoneal cavity is the disintegration of a considerable 


number of the cells. This effect is of constant occurrence but varies 


largely in extent. It may probably be referred largely not to the 
immediate influence of the bacilli, but to the action of the substances 
injected with them, for the more carefully the bacilli were freed before 
injection from these products the less was the destruction produced. 
Therefore the variations in the extent of the destruction in different 
cases was not found to depend at any rate entirely upon-the species of 
the bacillus injected, but upon the conditions of growth of the bacillus, 
the nature of the medium used as the vehicle for their injection, and 
upon the dose. i 


ail 
a 
x 
3% 
| 
4 
| 
| 
{ 
x 
ag 


WANDERING CELLS OF MAMMALIA. 111 


As these variations are not germane to the main issues of this 
paper no attempt will be made to analyse more fully their causes; it is 
sufficient to mention the fact that an immediate destruction of cells 
follows the injection of bacilli and their products, and that this destruc- 
tion involves mainly the basophile and oxyphile cells, so that, if it is 
extensive free basophile granules and fragments of oxyphile cells may 
be detected in considerable numbers in the plasma. This disintegra- 
tion of cells must profoundly alter the chemical constitution of the 
plasma and therefore may play an important part in the struggle 
with the bacilli. 

In an incredibly short time after the introduction of the baciili they 
are attacked by the coarsely granular oxyphile cells. The attack 
consists in the application of the cells to the. bacilli, and it entails the 
using up of the substances stored as the oxyphile granules. 

The rapidity with which the coarsely granular oxyphile cells attack 
the bacilli may be gathered from the fact that in specimens prepared 
5 minutes after the introduction of anthrax bacilli into a rat no less 
than 40 per cent. of these cells were already applied to bacilli (Tables 
III. and IV.). 

At a slightly later period the hyaline cells bain: to ingest the 
bacilli; thus 10 minutes after the injection of anthrax bacilli into a rat 

_ 60 per cent. of the coarsely granular oxyphile cells were attacking the 
bacilli and 27 per cent. of the hyaline cells had commenced the ingestive 
act, while in 15 minutes 85 per cent. of the hyaline cells were ingesting, 
and in 30 minutes 96 per cent. 

In an earlier communication on the behaviour of the cells of the 
frog towards micro-organisms we pointed out the difference between 
the attack of the oxyphile cell, which we described as the application of 
the cell to the bacillus and the excretion of the granule substance, 
and the true ingestive or phagocytic activity of the hyaline cells. 
Similar differences occur between the mode of action of the coarsely 
granular oxyphile cells and the hyaline cells of mammals, 

_ We have been able to observe the details of the process by watching 
living cells at work either in hanging drops of the fluid taken from 
blisters which had been inoculated with a small quantity of a fresh 
broth culture of Bac. anthracis or Bac. ramosus and were observed on a 

_ warm stage, or by examining on a warm stage samples of the fluid of — 
blisters into which a culture of Bac. ramosus had been injected (Figs. 22, 
23 human, 21 guinea-pig, 27 rat). In this way the coarsely-granular 
oxyphile cells were seen to apply themselves to a chain of bacilli and 
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to extend along it. The granules then travelled, usually in groups, to 
those portions of the cell in immediate contact with the bacilli and 
there they were seen to diminish in size to mere points and ultimately 
to disappear. The rate of loss of granular substance is very rapid 
as compared with the rate of loss in the gland cells of salivary glands 
or of the pancreas during the act of secretion, for an appreciable 
diminution may be observed in a quarter of an hour. 

In two experiments an attempt to obtain a numerical expression of 
the loss of oxyphile granules was made. In the first case a fully 
formed blister was tapped and films made from the fluid. These films 
were labelled normal blister fluid. Then a few drops of the sediment 
from a fresh (20 hours old) broth culture of Bacillus ramosus was 
injected into the blister. 20 minutes afterwards film preparations — 
were made of the contents of the blister, and also hanging drops which | 
were kept for 2 hours on the warm stage. In the normal blister fluid 
the coarsely granular oxyphile cells were found to form 5 per cent., 
after 20 minutes this proportion was not materially changed, but after 
2 hours the percentage bad dropped to 3°9. In the second experiment 
anthrax bacilli were used and control drops were kept on the warm stage 
and at the temperature of the room. A number of hanging drops were — 
made and divided in four sets, two sets were inoculated with anthrax 
bacilli and two were kept as controls. A set inoculated with anthrax 
bacilli and a control set were kept on warm stages for one hour, the rest 
were kept at the temperature of the room for 24 hours. It was found 
(1) that the control drops on the warm stage contained at the close of 
the hour 13 per cent. of coarsely granular oxyphile cells, while those 
inoculated with anthrax contained only 7-6 to 8°5 per cent., (2) that the 
controls kept at the temperature of the room (15° C.) contained at the 
end of the 24 hours 12 per cent. of coarsely granular oxyphile cells, 
while those inoculated with anthrax contathed 6 per cent. In both 
experiments coarsely granular cells were seen under the microscope to 
attack chains of bacilli and to suffer diminution of granulation’. 

The hyaline cells unlike the coarsely-granular oxyphile cells mani- 
fest a true phagocytosis, i.e. the intussusception of discrete particles into 
their substance, and their solution in digestive vacuoles (Fig. 24 human). 


1 Sherrington (op. cit. pp. 201—203) discusses the diminution or loss of granulation 
at length and has not been able to convince himself that any change in size or number of 
the oxyphile granules occurs in the coarsely granular hemic cells of cats in which he set 
up an acute local inflammation. His method however differs so ‘much from our own that 
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The difference between the activities of these two kinds of cells 
finds in a certain sense numerical expression in the tabular statement 
of the results obtained by injecting into the peritoneal cavity, cultures 
of bacilli to which Indian ink had been added. Table IV. shows that 
the oxyphile cells neither ingest nor do they attach to themselves the 
particles of the ink but do swiftly attack the bacilli, while on the other 
hand the hyaline cells rapidly ingest the ink particles and the bacilli. 
All observed cases of what appeared as mere contact between hyaline 
cells and bacilli are included as cases of ingestion, and the table there- 
fore takes no account of the fact that the hyaline cells were more 
heavily laden with ink particles than with bacilli. 

The destruction and removal of the bacilli therefore is due to the 
different activities of the two kinds of cells, the coarsely granular 
oxyphile cell and the hyaline cell. 

The attack of the oxyphile cells on the bacilli must result very 
frequently in the destruction of the cell. This occurs sometimes to 
such a marked extent that in film preparation from 4 to 2 hours’ 
experiments a large number of the bacilli are seen to have attached to 
themselves heaps of still intact granules or amorphous masses of oxy- 
_ phile substance, while the aie of the cell has either broken away or 
disintegrated. 

In a former paper’ we deneribed the formation of Plasmodial masses 
of wandering cells in the course of the conflict with the micro-organisms. 
Such bodies are readily seen in hanging drops of blister fluid, in 
Ziegler’s chambers, or in preparations of peritoneal fluid containing 
bacilli. Fig. 27 shows a striking case, a chain of anthrax being 
attacked by a coarsely granular oxyphile cell at one place, while at the 
same time it is being ingested by a phagocyte at another point. Fig. 25 
shows an interesting stage, the oxyphile cells being massed in the 
- centre of a number of hyaline cells. 

A point whiéh, although it does not bear on the subject of this 
portion of the paper, namely, the activities of the coelomic wandering 
cells, must be mentioned in order to complete the picture of the events 
occurring in the peritoneal cavity, is the extent to which the bacilli and 
their products present ‘induce’ immigration of cells from the vascular 
system. The experiments with anthrax were all performed on the rat 
and did not endure above 30 minutes. In none of these was any 
immigration of hemal cells detected. In the experiments with pyo- 


1 Kanthack and Hardy. Loc, cit. 
PH. XVII. 8 
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cyaneus on the rat, however, a large number of finely granular oxyphile 
cells and of red corpuscles were present in 2 and 24 hours, and a very 
few even could be detected in 15 minutes, The contrast is interesting 
when we remember that the rat is extremely resistant to anthrax and 
susceptible to infection by the bacillus pyocyaneus. The number of 
experiments however is much too small and they are not sufficiently 
contrasted to allow us to draw any conclusions from them. | 


GENERAL RESULTS OF Part II. 


1, Two kinds of leucocytosis can be recognised. In the one the 
wandering cells are entirely or mainly of the coelomic type, in the other 
they are entirely or mainly of the heemal type. 

- 2. In all cases investigated by us the first cells to accumulate at a 
leucocytic focus were oxyphile cells. 

3. Of the two forms of oxyphile cells the coarsely granular form 
accumulates more quickly than the finely granular form. 

- 4. When the conflict with the bacilli is watched in hanging drops 
of blister fluid, or in Ziegler’s chambers the coarsely granular 
oxyphile cells are seen to attack the bacilli and to suffer thereby a 
diminution of granulation. 

5. The attack is very rapidly carried out, and is quickly followed 
by phagocytosis. The latter process, which is carried out by the 
hyaline cells, commences at a much earlier period than is usually 
supposed and is at its maximum in about 25 minutes after the 
introduction of the bacilli. 

6. Bacilli or their products in the cases examined by us were 
always found to attract the wandering cells even when the animal 
employed was not immune to the particular bacillus employed. At the 
same time there was destruction of cells at the focus of conflict. This 
destruction was very much greater in the case of pathogenic than in 


_ that of non-pathogenic bacilli. We have been led to think that a great 


deal of what is known as negative chemiotaxis is based upon those cases 
where the rate of destruction nearly or quite shes the rate of arrival 


of cells at a leucocytic focus, 


The main interest of the facts set forth in the second part of this 
paper lies we believe in the marked difference which they show to 
exist between the activities displayed by the coarsely granular oxyphile 
cell and the hyaline cell. It may be that these cells change into one 
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another’. But for our own part the facts at present known lead us to 
regard these cells as morphological units as distinct as are the striped 
and unstriped cells of muscle tissue. 


TABLE III. 
Showing the percentage of each kind of cell attacking bacilli. 
ular 
Rat fe cells Hyaline cells 
Anthrax 5 mins. | 39 1 
10 60 27 
15 ,, 40 85 
5, 44 96 
Pyocyaneus 15 _,, 63 65 
pe 2 hours 70 85 
23 27 62 
Guinea-pig 
Cholera 30 mins. 93 100 
TABLE IV. 


Showing the percentage of each form of cell found to be attacking bacilli 
or ingesting Indian ink where bacilli and ink were injected together. 
Rat Attacking bacilli Cells Indian ink 


Coarsel Hyaline 
cells Hyaline cells 


Pyocyaneus 15 mins. 63 65 0 65 
is 2 hours 70 85 a. Ne 80 to 90 


1 Cf. Sherrington, op. cit. p. 203. 
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PLATE IL 


All the figures are to the same scale and drawn with Oc. 4, Obj. th hom. 
imm. with a camera lucida. | 

Figures 1, 2, 3, 4 and 5 Human. | 

Fig. 1. Cells of blood of healthy boy. Fluid preparation made with the 
methylene blue solution. (a) coarsely granular oxyphile cell, (6) finely 
granular oxyphile cell, (c) hyaline cell, (d) lymphocyte, (¢) and (/) finely 
granular basophile cell. — 

Fig. 2. Blood from same boy. Film preparation exposed to a cold - 
saturated solution of eosine in 50 per cent. spirit for about 5 seconds, then to 
Loeffler’s methylene blue. (a) coarsely granular oxyphile cell, (6) finely 
granular oxyphile cell, (c) hyaline cell. 

Fig. 3. Blood from healthy adult. Film preparation stained with the 
“neutral” mixture described on page 84. (a) coarsely granular oxyphile cell, 
(5) finely granular oxyphile cell, (c) hyaline cell. 

Fig. 4. Coarsely granular basophile cell, connective tissue. Human. 

Fig. 5. Lymphocyte to show nuclear network. Flemming’s fluid. 
Hematoxyline. 

Fig. 6. Rat. Cells from blood. Film preparation stained with glycerine 
eosmme and Loeffler’s methylene blue. (a) coarsely granular oxyphile cell, 
(6) finely granular oxyphile cell (note the complete absence of staining in the 
granules, cp. with Fig. 11), (c) hyaline cell. ~ 

Fig. 7. Rat. Cells of peritoneal fluid. Film preparation stained with 
glycerine eosine and Loeffler’s methylene blue. (a) adult and (a’) young 
coarsely granular oxyphile cell, (6) adult and (6') young coarsely granular 
basophile cell, (c) adult and (c’) young hyaline cell, 

Fig. 8. Rat. Cells of peritoneal fluid. Fluid preparation made with 
the methylene blue solution. (a) coarsely granular oxyphile cell, (6) hyaline 
cell, (c) young form of coarsely granular basophile cell. The adult form of | 
the coarsely granular basophile cell is omitted and— 

Fig. 9. The coarsely granular basophile cell of the mouse is given in its 
place. From a fluid preparation made with the methylene blue solution. 

Fig. 10, Rat. Cells from a film of subcutaneous connective tissue, 
stained with glycerine eosine and Loeffler’s methylene blue. (a) coarsely 
granular oxyphile cell, (6) coarsely granular basophile cell. 

Fig. 11. Rat. Finely granular oxyphile cell from film of blood stained 
with the “neutral” mixture as described on page 84. 

Fig. 12. Guinea-pig. 

(a) and (6) coarsely granular oxyphile cell, and hyaline cell from a fluid 
preparation of peritoneal fluid made with the methylene blue solution. 
(c) finely granular oxyphile cell from fluid preparation of blood made 
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with the methylene blue solution. To show the differences between the oxyphile 
cell of the peritoneal fluid and the finely granular oxyphile cell of the blood. 

(d) coarsely granular oxyphile cell from a film of peritoneal fluid stained 
with an aqueous solution of sodium sulphindigotate. A very much flattened 
cell was chosen for drawing in order to show clearly the individual granules 
and the clear unstained space which represents the nucleus. 

Fig. 13. Guinea-pig. Coarsely granular basophile cell in various stages 
of disintegration. Film preparations stained with glycerine eosine and 
Loeffler’s methylene blue. 

(a) from wall of peritoneal cavity, fixed with absolute alcohol. 

(5) from film of peritoneal fluid, fixed by heat. 

(c) and (d) from film of subcutaneous tissue, fixed by drying at tempe- 
rature of room. 


Fig. 14. Rabbit. Coarsely granular oxyphile cell from film of peritoneal 


fluid stained with glycerine eosine and Loeffler’s methylene blue. 


Fig. 15. Rabbit. Cells of blood shortly after a heavy meal. Fluid 
preparation made with the methylene blue solution. (a) coarsely granular 
oxyphile cell, (6) finely granular oxyphile cell, (c) hyaline cell, (d) lymphocyte, 
(e) finely granular basophile cell. | 

Fig. 16. Rabbit. Blood; fluid preparation made with the methylene | 
blue solution. About 10 hours after a meal, (a) ~~ granular basophile 

cell, (6) lymphocyte. 

Fig. 17. Rabbit. Coarsely granular basophile cell from subcutaneous 
connective tissue stained with the methylene blue solution. 

Fig. 18. Rabbit. Finely granular basophile cell, inflamed area stained 
with the methylene blue solution. 

Fig. 19. Film of subcutaneous connective tissue taken from the neigh- — 
bourhood of a Ziegler’s chamber filled with diluted broth culture of the 
comma bacillus seven hours after introduction of the chamber. Guinea-pig. 
Eosine in 90 per cent. alcohol, Loeffler’s methylene blue, Oc. 4, Ob. D, cam. 
luc. A part of the preparation where the coarsely granular oxyphiles were 
relatively few in number was chosen for the drawing in order to show the 
connective tissue elements. 

Fig. 20. Film of subcutaneous connective tissue from normal guinea-pig 
for comparison with fig. 19. 

Fig. 21. Living cells attacking a chain of Bacillus ramosus. Ziegler’s 
chamber 24 hours in peritoneal cavity of guinea-pig. The chamber was re- 
moved unopened to warm stage and examined with Oc. 4, Ob. D. 

Fig. 22. Hanging drop of blister fluid from forearm inoculated with 
Bacillus ramosus. (a) coarsely granular oxyphile cell at rest, hanging drop at 


_ temp. of room. Warm water was then allowed to run into warm stage, cell 


became active and applied itself to bacilli—(b) and (c). Human. 
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Fig. 23. Blister fluid inoculated with Bacillus ramosus. (a) chain of 
bacilli with three cells applied to it, Oc. 2, Ob. A, (6) part of the same chain 
stained with the methylene blue solution, Oc. 4, Ob. ,th, cam. luc. Human. 

Fig. 24. Hanging drop of blister fluid. Phagocyte with ingested frag- 
ments of Bac. anthracis, Oc. 4, Ob. D, cam. luc. Human. : 

Fig. 25. Peritoneal fluid, rat. 15 minutes after injection of Bac. pyo- 
cyaneus. Plasmodial mass of coarsely granular oxyphile cells with surround- 
ing hyaline cells. Oc. 4, Ob. j4,th, cam. luc. 

Fig. 26. Same experiment as last. Single cell attacking bacilli. Oc. 4, 
Ob. cam. luc. 

Fig. 27. Peritoneal fluid, rat. 10 minutes after injection of bac. anthracis. 
Fluid preparation stained with the methylene blue solution. Part of much 
distorted anthrax chain attacked by oxyphile cell and also being ingested by 
phagocyte. 

Fig. 28. Peritoneal fluid, rat. 15 minutes after injection of anthrax. 
Coarsely granular we es cell which has discharged its mags Fixed by | 
heat. Oc. 10, Ob. =, apochr. Powell and Lealand. 
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ON THE ORIGIN FROM THE SPINAL CORD OF THE 
VASO-CONSTRICTOR NERVES OF THE PORTAL 
VEIN. By W. M. BAYLISS, B.A. (Ocon.) anD ERNEST H. 
STARLING, M.D. (Lond.), M.R.C.P. Saunt Lecturer in Physvology 
to Guy's Hospital. (Plate 


(From the Physiological Laboratory of Guy's Hospital.) 


It has been shown by Mall! that the splanchnic nerves contain vaso- 
constrictor fibres for the portal vein and its branches. In the course of 
our work on Venous Pressures* we had occasion to observe the effect of 
stimulation of the splanchnics on the pressure in the portal vein, and 
we have been led to make further observations of a similar kind with 
the aim of determining the origin from the spinal cord of the fibres in 
the splanchnics which affect the portal pressure. 

Method of Experiment. Medium-sized dogs weighing from 6 to 11 
kilos. were used. They were given hypodermically about 4 an hour 
before the experiment a dose of from 1 to 2 grains of morphia. During 
the experiment they received in addition a small amount of A.C.E. 
mixture. Curare was injected into the external jugular vein and 
artificial respiration kept up in the usual way. The carotid was 
prepared for taking the arterial pressure and the vagi cut unless 
otherwise mentioned. All this was done with the animal lying on its 
back. It was then turned over and the spinal cord exposed at different 
parts of its length in different experiments for an area including 3 to 5 
nerve-roots (from 8th cervical to 8rd lumbar were taken in the various 
experiments). The dura mater was opened, and silk ligatures tied 
around the anterior and posterior roots together of each nerve, which 
were then cut close to the cord. As a rule the piece of cord exposed 
was cut out entirely to avoid the possibility of reflexes by escape of 
exciting current. The method of recording the portal pressure was 


' Mall. Du Bois Reymond’s Archiv, 1892, 8. 409. 
* Bayliss and Starling. This Journal, xvi. p. 159, 
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that described in our previous paper on venous pressures'; also the 
method of plotting out curves from the readings so obtained was similar. 
All the experiments made were put into the form of curves, and samples 
of some typical ones are given in Plate III. 

It is to be noted that a rise of pressure in the central end of the 
splenic vein under excitation of the splanchnics indicates increased 
resistance on the peripheral side of the place where measured, Le. 
constriction of the portal branches in the liver; constriction of the 
mesenteric veins noted by Mall to follow excitation of the splanchnic 
would cause fall of pressure in the central end of the splenic vein by 
increasing resistance on the cardiac wire of the point where the pressure 
is measured. 


Results. 


Although in the light of Gaskell’s work on the outflow of visceral 
nerves we did not expect to obtain any effects from the excitation of 
any nerves above the 2nd dorsal, we thought it well for the sake of 
completeness to commeuce at the 8th cervical and take the whole of the 
nerve-roots below this in order down to the 3rd lumbar. The results 
of excitation of each we will now proceed to describe. 
| Eighth Cervical Nerve. This root we excited three times in two dif- 

ferent dogs; in the first experiment the cord was left in situ and a large 
rise of both arterial and portal pressure was obtained ; this was obviously 
due to escape of current to posterior columns of the cord, since it was 
absent in a second excitation after removal of the piece of cord exposed. 
In the third case we obtained an extremely small rise of portal pressure 
and a slight fall of arterial pressure; here we had at once removed the 
piece of cord before proceeding to any excitations, We conclude that 
this nerve-root contains no fibres for the portal vein. The fall of aortic 
pressure is of some interest because we have obtained it also sometimes 
with the Ist, 2nd and 3rd dorsal nerves and shall discuss it more fully 
under the head of the 2nd dorsal nerve. 

First Dorsal Nerve. Five experiments, With cord in situ a large 
rise of arterial pressure followed by a slight fall, the portal pressure 
being stationary during the rise and rising slightly during the fall; in 
the same dog with cord removed a slight fall of aortic pressure and a 
moderate rise of portal pressure. In another dog a slight rise of aortic 
pressure which could be accounted for by the cardiac acceleration 


1 Loe. cit, p. 164, 
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present in this case, no effect on the portal pressure. The rise of portal 
pressure sometimes produced by this nerve is not due to portal constric- 
tion since it is still present after section of both splanchnics, hence we 
say that this nerve again contains no portal fibres. 

Second Dorsal Nerve. Five experiments. In one we obtained a fall of 
aortic pressure, this was with cord intact, but could not have been due 
to escape of current because such reflexes cause a rise of aortic pressure. 
In all the other experiments there was a slight rise of aortic pressure 
associated with rise of portal pressure, the latter not being due to exci- 
tation of portal constrictors because it was still present after section of 
the splanchnics. With respect to the fall of arterial pressure obtained 
occasionally with 8th cervical and Ist four or five dorsal nerve-roots 
which has also been noticed and discussed by Bradford and Dean’, we 
think that it does not always result from the same cause ; when produced 
by exciting the 8th cervical or Ist or 2nd dorsal nerves it is always 
accompanied by a rise of portal pressure and may possibly be due to 
excitation of the fibres described by Roy and Adami* as passing 
through the stellate ganglion and causing weakening of auricular and 
ventricular contractions, thus producing heightened pressure in the vena 
cava and perhaps backwards through the liver to the portal vein; or it 
may be due to excitation of Cyon’s fibres to the hepatic artery. On 
the other hand the fall of aortic pressure produced by excitation of the 
3rd, 4th or 5th nerve-roots is most obvious after section of the 
splanchnics and is associated with no portal rise, if anything there is a 
slight fall, and may possibly be due to excitation of vaso-dilators to the | 
fore-limbs, since Bradford and Dean state that it is still. present after 
section of the cervical sympathetics and hence cannot be due to vaso- 
dilatation in the head and neck ; the variability of its appearance may be 
accounted for by varying degrees of curare poisoning which is very apt 
to paralyse vaso-dilators. Langley* however describes the vaso-dilators 


-_of the fore-limb as passing out in the 4th or 5th to the 8th dorsal nerve- 


roots; and probably the true explanation is that given by Bradford 

and Dean who find along with this aortic fall a simultaneous rise of 

pressure in the pulmonary artery and hence consider it to be due to the 

increased resistance in the lung vessels diminishing the flow of blood to 

the left heart; the slight portal fall is probably then a passive effect of 

the aortic fall since the passive changes of portal pressure follow the 
1 This Journal, xvt. p. 60. 


2 Phil. Trans. 1892, pp. 244—247. 
3 Langley. This Journal, xu. p. 377. 
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arterial rather than the venous pressure; for example we have found 
that the heart failure produced by chloroform causes a fall of arterial 
and portal pressures and a rise of vena cava pressure. : 

Third Dorsal Nerve. This is the first nerve that invariably 
produces a rise of portal pressure and that as a rule with a simultaneous 
rise of aortic pressure. We have made ten experiments, in one of these 
there was a fall of aortic pressure with rise of portal and in all the rest 
a rise of both, although to a varying degree in different cases. Both 
arterial and portal rise are absent on excitation after section of the 
splanchnics and there is present instead an aortic fall, along with very 
slight portal fall, due perhaps to excitation of vaso-dilators. In this nerve 
we have the first of the series of the portal vaso-constrictors, since the rise 
of portal pressure is abolished by section of the splanchnic nerves, which 
convey therefore the portal constrictor fibres in question to the liver. 

Fourth Dorsal Nerve. Twelve experiments,—five with cord in situ. 
In all, rise of both arterial and portal pressures, and to a considerably 
greater height than in the case of the previous nerve. Here again the 
rise was replaced by fall in both after section of the splanchnics. 

Fifth Dorsal Nerve. Ten experiments,—four with cord in situ. 
Same results as with fourth dorsal nerve, except that there is no fall 
after section of the splanchnics, in fact after that operation excitation of 
this nerve-root is without effect of any kind either on arterial or portal 
pressure. | 

Stath Dorsal Nerve. Nine experiments,—three with cord in situ. 
Same results as in case of fifth dorsal. (See fig. 1, Plate III.) 

Seventh Dorsal Nerve. Six experiments,—two with cord in situ. 
- Same results as sixth on excitation. After section of splanchnics slight 
arterial rise with cord in situ, no effect on portal; this arterial rise is 
probably due to excitation of vaso-constrictors to the fore-limb’. 

Eighth Dorsal Nerve. Four experiments,—one with cord in situ. 
Rise of pressure in both arterial and portal manometers. None after 
section of splanchnics (with cord removed). In the case of this nerve- 
root we have the first trace of an effect which becomes more obvious 
lower down. In one experiment (see fig. 2, Plate III.) the portal pressure 
after rising for a time begins to fall again, after falling a few millimetres 
of magnesium sulphate solution it rises again to a height considerably 
greater than its previous height; this result we will call for shortness 
the diphasic effect, and we account for it in the following way, our 
reasons for which will be more obvious later on. The first rise is due to 


1 Bayliss and Bradford. This Journal, xvi. p. 15. 
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contraction of the intestinal arterioles (and perhaps also mesenteric 
veins [Mall]) driving blood onwards into the portal trunk, these 
intestinal arterioles being now contracted less blood passes through and 
the portal pressure falls for a short time until by the active contraction 
of portal terminations in the liver the pressure is again raised; this 
effect shows itself more and more as one proceeds downwards as the 
nerve-roots contain more vaso-constrictor fibres to the intestines. 
Ninth Dorsal Nerve. Six experiments,—one with cord in situ. In 
all rise of pressure in both aortic and portal manometers, in those. cases 
where cord removed the portal rise was diphasic. After section of 
splanchnics no rise either of aortic or portal pressure. 

Tenth Dorsal Nerve. . Five experiments,—one with cord in situ. 
Rise of both arterial and portal pressures in all, the portal being 
diphasic, with the notch more marked than in the case of the previous 
nerves ; the curve first rises slightly, then falls to its starting point and 
later on after the excitation has ceased and the arterial pressure has 
already fallen considerably it attains its maximum. 

Eleventh Dorsal Nerve. Five experiments—two with cord in situ. 
Rise of arterial pressure in all. In three of them there is a diphasic 
portal curve like that of the tenth dorsal nerve (fig. 3, Plate IIL.), in the 
other two the effect of intestinal arterial constriction is still more 
marked, the portal pressure rises at first slightly then falls below the 
level it started from, returning to that level when the arterial pressure 
falls; in the dog therefore from which these two curves were obtained 
there were in this nerve-root no fibres for the portal vein and the 
pressure in it is governed simply by the inflow from the mesenteric veins. 

Twelfth Dorsal Nerve. Four experiments,—three with cord in situ. 
Rise of arterial pressure in all, and in all associated with marked fall of 
portal pressure ; here we are therefore beyond the limits of the portal 
constrictors. 

Thirteenth Dorsal Nerve. Three experiments,—all with cord removed. 
Rise of arterial pressure and fall of portal pressure in all. (See fig. 4.) 

First Lumbar Nerve. This is the lowest nerve-root which gave on 
excitation any rise of arterial pressure; this was accompanied by a fall 
of portal pressure as in the case of the nerves immediately preceding. 

Second and third Lumbar Nerves. These two nerve-roots gave 
arterial fall associated with portal fall, — due to excitation of 
vaso-dilators to the lower limb‘. 


1 Vide W. M. Bayliss. ‘On the of the Depressor Nerve.’”’ This 
Vol. x1v. p. 321, 
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_ It remains to meet one or two possible objections. 

Bradford and Dean’ find the nerve-roots in which the pulmonary 
vaso-constrictors run to be the 3rd to the 7th dorsal inclusive, and 
it might be said that the portal rise obtained by us with these nerves 
was due to increased resistance in the pulmonary arterioles and hence 
increased pressure in the right auricle which might be transmitted 
backward through the liver; this explanation presupposes the tricuspid 
valve to be more or less incompetent, an assumption which with the 
small rise of pulmonary pressure in question is extremely improbable ; 
and a fact which effectually disposes of this objection is that the effects 
on the portal pressure are abolished by section of the splanchnic nerves 
whereas the pulmonary effects are unaffected by this operation *. 

A second objection which may be made is that our portal rise 
is really due to arterial constriction causing a diminution of the total 
capacity of the vascular system and hence a rise of mean pressure; that 
the rise of portal pressure is not wholly due to this cause can easily 
be seen by comparing figs. 1 and 4 of Plate III., where a nearly equal 
rise of arterial pressure is associated in the case of the sixth dorsal 
nerve with a large rise of portal pressure and in the case of the 13th 
dorsal nerve with a considerable fall of portal pressure. Many similar 
cases can be seen by referring to the table at the end of this paper. 


Conclusions. 


The constrictors of the portal vein branches in the liver leave 
_ the cord in nerve-roots from the 3rd dorsal to the 11th dorsal inclusive, 
~ the 5th to 9th contain about an equally large number of fibres, while 
the 3rd, 4th, 10th and 11th contain few fibres; it is probable that the 
3rd and 11th would not contain portal fibres in the same animal, and 
that in one case (the anterior arrangement of Langley) the nerve-roots 
would be 3rd to 10th inclusive, and in the other (posterior arrangement 
of Langley) the roots would be 4th to 11th inclusive. This is a 
somewhat extensive area and curiously corresponds very closely with that 
found by one of us in conjunction with Dr Bradford * to be the area of 
vaso-constrictors to the fure-limb; it is not so extensive however as the 
area of the arterial constrictors to the abdominal viscera, which according 
to our experiments extends from the 3rd dorsal to the Ist lumbar 
inclusive, if we take as criterion the large rise of aortic pressure 


1 Loe, cit, * Bradford and Dean. Loc. cit. p. 59. 
’ Bayliss and Bradford. Loc. cit. p. 14. 3 
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resulting from their excitation; it must be remembered however that — 
in the case of the upper dorsal nerves we cannot be certain how much 
of the rise of arterial pressure is due to portal constriction alone which 
may be present without arterial constriction. If we take as our 
criterion of abdominal arterial constriction the first appearance of the 
diphasic portal curve the limits of the arterial constrictors in question 
will be the 8th dorsal to the 1st lumbar roots inclusive, and this agrees _ 
with the area of the renal vaso-constrictors according to Bradford". 

We may mention incidentally that we have noticed cardiac accele- 
ration to result from excitation of the nerve-roots from the Ist to the. 
5th dorsal inclusive, most marked from the 2nd, 3rd and 4th. 

_ We append a table giving concisely the results of all our experi- 
ments. The thin numbers are the aortic pressure, the thick ones the 
portal pressure corresponding. The numbers in brackets (5) mean a 
fall of so many millimetres of mercury or of magnesium sulphate 
solution; those without brackets indicate a rise of the amount noted. 
When several numbers are included together in a large bracket it is — 
intended to point out that they were all obtained from the same dog. 
When the portal curve was diphasic, the number given is the highest 
reached. 

A = arterial pressure in millimetres of mercury. 
P=portal pressure in millimetres of 25 per cent. magnesium 
sulphate solution. 


PLATE IIL 


The divisions along the ordinates represent each 2 millimetres, the arterial 
pressures are in millimetres of mercury, the portal in millimetres of 25°/, 
magnesium sulphate solution in water. 

The continuous line is the pressure in the carotid artery. 

The broken line is the pressure in the central end of the splenic vein. 

The divisions along the abscissa correspond to 10 second intervals. 

The absolute values of the portal pressure are probably not quite correct 
because of some amount of uncertainty as to the exact zero of the manometer. 

Fig. 1. Excitation of the peripheral end of the sixth dorsal nerve. 
Piece of cord removed. 

Fig. 2. Excitation of the peripheral end of the eighth dorsal nerve. To 
show first appearance of the diphasic effect in the portal pressure. 


1 Loe. cit. 
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128 W. M. BAYLISS AND E. H. STARLING. 
Fig. 3. Excitation of the peripheral end of the eleventh dorsal nerve 
in the same dog to show further development of the diphasic effect. 
_ Fig. 4. Excitation of the peripheral end of the thirteenth dorsal nerve 
in same dog as fig. 1. To show passive change in portal pressure in con- 
sequence of intestinal arterial constriction, viz. slight initial rise due to 
driving on of blood into mesenteric veins and then marked fall due to 
deficient supply of blood through the narrowed intestinal arterioles. | 
Note. In fig. 1, there is an indication of the second rise of the portal 
pressure after the arterial pressure has fallen, described by us previously ' as. 
the effect of excitation of the splanchnic trunk, this second rise is not often 
seen on excitation of a single nerve-root. 


1 This Journal, xvt. p. 171. 
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CHANGES IN GANGLION CELLS FROM BIRTH TO 
SENILE DEATH. OBSERVATIONS ON MAN AND 
HONEY-BEE. By C.F. HODGE, Ph.D., Assistant Professor 
of Physiology and Neurology, Clark University, Mass., U.S.A. 
(Plate IV.) 


IN all higher animals the process of growing old may be regarded as a 
normal physiological process, accompanied in every tissue by normal 
histological changes. I have endeavoured to determine for nervous 
tissue the exact nature of these histological changes. For the present 
I put on one side changes in the blood vessels and connective tissue of 
the nervous system, and confine myself entirely to intracellular 
phenomena. 

In this field Schultz’ has attempted to prove that pigmentation of 
ganglion cells increases with age, and this has been associated with 
pathological pigmentary degeneration. Schifer*® opposes the idea of 
any such connection, maintaining that pigment everywhere in the body 
is evidence of functional activity and not of decay. 

The observations which I wish to report have been made upon the 
following material. 

First, the cerebrum, cerebellum, cervical cord, and first cervical 
ganglia of a man dying of old age at 92 years. So far as could be 
observed or ascertained, cause of death was not complicated with disease 
of any sort, During the last two years he came gradually to require 
more and more sleep, considerably more in winter than in summer. At 
last, it became difficult to awaken him for meals, Finally this became 
impossible, and for 6 days of inanition respiration and pulse grew 
weaker and weaker and finally ceased without the slightest struggle or 


1 R. Schultz. Neurol. Centraldl. u. 8. 529—536, 1883. 
2 Schafer. Brain, 1893, pp. 184—169. 
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even movement to mark the point of death. The above-named parts 


were removed 11 hours P.M. and were er by methods to be 
presently indicated. 

Second, the first cervical nits of a male foetus killed by accident 
of birth. 

Third, portions of cerebrum, cerebellum and first cervical ganglia of 
a man killed by accident at the age of 47. 

Fourth, supercesophageal ganglia of 21 old honey-bees prepared 
side by side with brains of the same number of young bees taken as 
they emerged from the brood cells. 

In the human cerebrum at 92 years of age no pronounced ieute- 
mality has been detected by methods thus far employed. By the osmic 
acid and bichromate method of Ramon y Cajal, both as to size of cell 
and number of processes, neurons and dendrons, everything appears 
normal. The alcchol-magenta, mercuric chloride and long osinic acid 
methods show the usual appearance of protoplasm, with considerable 
pigment, nuclei full and clear and nucleoli prominent. If degenerative 
changes are present, they do not involve a sufficiently large proportion 
of cells to strike one in the ordinary study of the sections. The cells of 
Purkinje appear considerably shrunken, both nucleus and protoplasm ; 
though not more so than in normal daily fatigue. They are also 25°, 
fewer, by count, than in sections cut at same stroke of knife from 
cerebellum of the middle-aged man. This difference may not be 
abnormal. 

Most striking differences occur in the cells of the spinal ganglia. 
Possibly the most important of these is a failure of the nucleolus to 
stain with osmic acid in cells of the old man. Considering the réle 
which this organ plays in processes of reproduction, and it possibly plays 
no less a réle in subsequent physiological function, this fact may have a 
wide significance. Coupled with ‘this is the condition of the nucleus, 
considerably shrunken and with irregular jagged outline. In case of — 
fatigue, the nucleus shrinks and at the same time grows dark. In the 
old age specimens, the nucleus has shrunken and remains light, not 
taking the stain more heavily than the cell protoplasm. Nucleoli are 
large and densely stained in corresponding cells of the foetus, and nuclei 
are large, round and clear, not a single nucleus being at all shrunken or 
dark, Camera drawings of the two are shown in figs. 1 and 2. The 
protoplasm in the old man is seen to be largely filled with pigment and 
fat, both substances appearing black in osmic acid specimens, the 
pigment being yellow and the fatty masses being represented by large 
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vacuoles in sections by the corrosive sublimate method. The cells of 
the foetus contain almost no pigment at all. 

The above comparison may best be expressed in tabular form as 
follows : 


Volume of Pigment Pigment 
nucleus in | much little 
Foetus in BBY, 
Old man in 59, 33°), 


It was not found possible to gain much light upon exactly the point 


in question from the brain of the man killed by accident. This was a 


disappointment ; since it was hoped that it might furnish a specimen of 
human brain in prime of life not complicated by pathological conditions, 
something quite difficult to obtain. The man was, however, a confirmed 
alcoholic, and by the osmic acid method, upon results of which my 
comparisons were in the main founded, fully nine-tenths of the ganglion 
cells in cerebrum and spinal ganglia stained as black as fat cells, 
showing no structure whatever. Whether the alcohol habit has any- 
thing to do with this result remains for further experiment to decide. 
The rest of the cells stained darkly and were considerably filled with 


: pigment and fat, but showed large clear nuclei and normal nucleoli. — 


With the honey-bees experiments could be far better controlled and 
results are accordingly more definite. The young bees were caught in 
the act of crawling out of the brood cells, They are at this time 
practically ready to begin their life work. The fact that im all cases 
the honey sac was found moderately distended with honey will serve to 
indicate a uniform nutritive condition. Old bees were chosen by “age 
signs,” worn and frayed wings, abraded hairs and general behaviour. 
This last was of especial use. When a hive is opened, all the able- 
bodied bees are alert and active in protecting the combs or in securing 
what honey each can carry. Here and there, generally off in some 
corner you may observe a bee quietly humped up taking neither part 
nor interest in the general commotion. Such a one is likely to bear 
signs of extreme age. The experiments were made in August, while 
the bees were “loafing” during a period of honey-dearth, in order to 
obtain results as free as possible from complications with fatigue. This 
matter will require consideration further on. 

The young and old bees were beheaded, the front and side portions 
of the brain-case quickly pared away with a sharp scalpel so as to expose 
the brain and both were placed in the same watch-glass of 1°/, osmic 
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for two hours. From this they passed, with old and young always in 
- the same bottles or dishes, through the usual steps to hard paraffin, 
where young and old were cut side by side with the same stroke of the 
section knife. In no case were specimens to be compared separated in 
passing from the living bee to the microscope slide. 

While paring off the brain-case caps, I was struck by a remarkable 
difference in size between young and old brains. The young brains fill 
the brain-case so full that it is difficult to lift off the chitine without 
injuring the parts below. The old brains are shrunken into a flat cake, 
often filling scarcely half the cavity of the brain-case. It is easy to 
observe this with the unaided eye. Reasons for the above will appear 
when examination is made of the sections. These were cut with a 
Minot microtome, new model, 3+ w and 6 + p thick. 

Sections of the 21 young brains appeared under the microscope as 
much alike as though they had been successive sections cut from the 
same brain. The nuclei are large and clear. They are, in fact, so large 
in proportion to size of cells that they often crowd one another into poly- 
hedral shapes. This is shown in fig. 3, drawn from the antennal lobe of 
young bee No. 1. Protoplasm appears dense and evenly granular. In the 
old brains, protoplasm is all but absent, being reduced to a few shreds and 


granules between the large vacuoles which fill the cell. The nuclei are — 


shrivelled in many cases almost beyond recognition, Here, too, as we 
found in the human ganglion cells, the nuclei in senescence decrease in 
size but do not grow dark and granular as in fatigue. This general 
result is not so uniform for old as for young brains, and naturally so ; 
because it is of course impossible to obtain old bees of uniform age. 
The age-signs by which they were chosen are no more uniform than the 
appearance of the brains. The above description applies literally to the 
extreme cases; and not one of the old brains failed to show differences 
of the character indicated by which they could easily be distinguished 
from young brains. Compare figs. 3 and 4, 


In addition to the above, the most noteworthy result furnished by 


the bees is that the cells are much more numerous in the young than 
in the old. A count of 22 groups of cells taken as nearly alike as 
possible in old and young give an average of one cell in the old to 2°9 
cells in the young. In all cases the cells were fewer in the old. 

In a former series of experiments', bees were killed morning and 
night in order to demonstrate, if possible, changes in brain cells owing 
to fatigue of a day's work. Differences in appearance of cells were 

1 Hodge. Journal of Morphology, v11. 1892. 
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found which could not be accounted for on grounds of daily fatigue; 
and it was then urged (p. 155) that the only variable which could 
account for them must be a difference in age. The present series 
confirms that opinion so strongly that in future no study of nerve-cell 
fatigue can he considered final until just allowance has been made for 
differences due to age. 

In my first series of experiments, however, corresponding cells of the 
same animal were compared and it was demonstrated that in fatigue 
the cell-protoplasm became vacuolated, the nucleus shrunk and came to 
stain more darkly and the nucleolus showed a tendency to decrease in 
size, although this is not constant. ‘Testimony from all sides points to 
the nucleolus and nucleus as the source of origin of the protoplasm. 
In extreme age we find protoplasm vacuolated, in bees, pigmented in 
man, nucleus shrunken, but not dense, as in fatigue, and the nucleolus 
absent from a large proportion of cells,in man. The nerve cells of the 
honey-bee do not possess a sharply defined nucleolus like that of 
vertebrates. If anything of the kind exists in these cells, it must be 
represented by irregular granules, as indicated in fig. 3. These, as may 
be seen in fig. 4, are largely absent from nuclei of aged cells. 

If then, we take the nucleus to be the source of rejuvenation for the 
cell-protoplasm, the above would seem to indicate that age is of the 
nature of final fatigue, final, because the source of energy for the nerve 
cell has dried up at the fountain head. 

Decrease in number would intimate that the young bee commences 
active life with a full quota of nerve cells. Filling the brain-case as 
they do, it is difficult to conceive, since the adult bee does not moult, 
how these cells can increase much in either size or number in sub- 
sequent life. To start with there is, in brief, a superabundance of cells 
which furnish the animal not only energy to maintain vital processes 
necessary to life but in addition to this, energy for the performance of 


_work, As the work of life is being done, the cells, one by one, are 


worn out. A stage is reached when only enough cells remain to barely 
support processes requisite for life, no extra work being possible. 
Finally this number fails and the functions of life must cease. 

In the above I do not assert that nerve tissue is of any more 
importance in relation to physiological dying than any other tissue. 
The ‘exact position held by each must clearly be determined by 
experiment’. 

1 An abstract of the above paper, with demonstration of specimens, was read before 
the Physiological Section of the Pan-American Congress, September, 1893. 
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PLATE IV. 


‘Fig. 1. From Ist cervical ganglion of huinan fostus killed by accident of 
birth. 
Fig. 2. From Ist cervical ganglion of man dying of old age at 92 years. 


‘Figs. 1 and 2 from specimens prepared by osmic acid method, 1°/,, 4 hours, 


cut together in paraifin and drawn with camera lucida under magnification, 
Zeiss, 4 mm. Obj., Oc. 8, of 500 diameters. 


Fig. 3. Section of antennary lobe of young hinagibes, No. 1, killed on 
its emergence from the brood cell. 


Fig. 4. Section of antennary lobe of old honey-bee, No, 1, taken just as 
it died presumably of old age. Figs. 3 and 4 from osmic acid specimens, 1 °/, 
for 2 hours. Camera outlines, Zeiss, 2 mm. oil immersion, Oc, 8 = x 1000 


diameters. 
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NUCLEO-ALBUMINS AND INTRAVASCULAR COAGU- 
LATION. By W. D. HALLIBURTON, MD. F.RS, 
Professor of Physiology, anv T. GREGOR BRODIE, M.D., 
Demonstrator of Physiology, King’s College, London. 


In several previous communications’ that have issued from this labora- 
tory attention has been called to the properties of nucleo-albumins 
prepared from different sources. We propose in the following paper to 
write a more connected account of this work, to add a number of other 

periments we have recently performed, and more particularly to refer 
to those which relate to the réle played by these substances 1 in the 
causation of intravascular coagulation. 


J, PREPARATION oF NUCLEO-ALBUMINS. 


Two methods have been used for obtaining nucleo-albumin from 
tissues. 

1. The acetic acid method. The finely divided tissue or organ is 
extracted with water for 24 hours. From the aqueous extract a 
precipitate is obtained on the addition of a little acetic acid (0°2 c.c. of 
the acetic acid of the pharmacopeia to every 100 c.c. of extract). The 
precipitate settles in the course of a few hours and is then collected 
and washed with water. This constitutes what Wooldridge termed 
‘tissue fibrinogen.’ Its chief constituent is nucleo-albumin. | 

2. The sodium chloride method. The finely minced tissue or 
organ is ground up in a mortar with about a third of its bulk of solid 


1 “ Chemical Physiology of the Animal Cell.” Goulstonian Lectures, Royal College of 
—— By W. D. Halliburton, Brit. Med. Journ. March 11, 18 and 25, 1893. | 


_“ Proteids of Kidney and Liver cells.” By W. D. Halliburton, This Journal, xm. (1893) 


p. 806. ‘*Proteids of Nervous Tissues.” By W. D. Halliburton, ibid. xv, (1893) p. 90. 
‘* Proteids of Thyroid and Spleen.” By F. Gourlay, ibid. xvi. (1894) p. 23. ‘‘Note on 
Chemistry of Muscle.” By A. Whitfield, ibid. p. 487. Short communications by W. 
D. Halliburton and T. G. Brodie, published in the Proc. Physiol. Soc. 1892, p. xi., 
1893, p. Vibes Brit. Med. Journ. 1898, vol. 11. p. 682. 
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sodium chloride (magnesium sulphate and other salts act in the same — 
way, but sodium chloride was almost exclusively employed in these 
experiments). A little water is added and the whole thoroughly mixed 
into a viscous paste. This is poured into a large excess of water and 
stirred vigorously. The nucleo-albumin rises in strings, to the top, 
where it forms a coherent scum; the globulins sink to the bottom 
together with the remains of the chopped-up tissue; the albumin 
remains in solution. The nucleo-albumin can then be skimmed from 
the surface. | 

By both methods the material so obtained is impure. It may be 

purified in the following ways :— 
a, The acetic acid precipitate is dissolved in dilute solution (1 or 
2°/,) of sodium carbonate; and is then reprecipitated by acetic acid. 
This may be repeated several times. The substance is however altered 
by too frequent repetition of the process, as is shown by analysis and 
by the loss of its power of producing intravascular coagulation. 

b. The sodium chloride scum is ground up again with sodium 

chloride and again poured into excess of water. The scum again rises 
to the surface, and the process may be repeated several times. By this 
means adherent pieces of tissue floated up by the nucleo-albumin are 
removed ; larger pieces may readily be picked out with forceps. Too 
frequent repetition of the process is however not advisable as it again 
produces a loss of power of producing intravascular coagulation, and 
analysis shows that its composition has been altered. 
-¢ The most abundant impurity in either case is protagon. But 
this is reduced to a minimum by methods a and b. In cases where 
analysis was performed, the protagon was removed by repeatedly washing 
with hot alcohol; the alcoholic washings deposit crystals of protagon in 
rosettes of needles when they cool. The alcvhol also removes fat and 
cholesterin, and the last traces of these substances are removed by 
washing with boiling ether. Mineral phosphates are removed by 
washing with water acidulated with acetic or hydrochloric acid. 

d. In some cases chloroform was used instead of alcohol. 

The tissues subjected to this treatment were the following :— 

1. Thymus. An abundant yield of nucleo-albumin is obtained by 
either method; and this was the substance we used in most of our 
experiments. The thymus of calf and sheep were used. | 

2. Lymphatic glands. Again an abundant supply is obtained by 
either method. 

3. Kidney. Here the same is true. 


4 
7] 
ig 
3 
+ 
4 
4 
4 
- 


NUCLEO-ALBUMINS AND COAGULATION. 137 


4. Liver. Here the acetic acid method is alone effective. 

5. Brain and nervous tissues. These resemble the liver 

6. Thyroid. A supply is obtained by either method, but most 
readily by the sodium chloride method’. 

7. Spleen. This resembles the thymus’. 

9. Testis. This resembles the thymus also. ; 

9. Muscle. In this tissue, the substance yielded by either method 
is myosin which is not a nucleo-albumin; no nucleo-albumin could be 
obtained from this tissue *. . 

10. Bile. Acetic acid precipitates the “ bile-mucin” which in the 


ox is a nucleo-albumin 


11. Red marrow. This vielda nucleo-albumin by both methods *. 

The general properties of nucleo albumins may be briefly stated as 
follows :-— 

1. On gastric digestion, they yield not only the ordinary proteoses 
and peptones, but also an insoluble residue of a substance insoluble in 
dilute acids, readily soluble in dilute alkali, and precipitable from 
alkaline solutions by acid (acetic or hydrochloric); it contains a con- 
siderable quantity of phosphorus. This insoluble substance is nuclein, 
the phosphorus in which is in organic combination as nucleic acid. 

2. They are readily soluble in dilute solutions of sodium carbonate 
from which they are precipitable by acetic acid. The solution is 
usually viscous, especially when the material has been prepared by the 


sodium chloride method. 


3. Dissolved in sodium carbonate solutions, even when freed from 
the adherent protagon or lecithin, and injected into the circulation of a 
living animal, they (“bile mucin” excepted) produce death by causing 
more or less extensive intravascular coagulation. 

‘Further properties with analytical details will be described in later 
sections of this paper. — 


II. INTRAVASCULAR COAGULATION. 


Short protocols of over a hundred injection experiments are given 
at the end of this paper — Series A). We propose in this 


1 iikthaiatend loc, cit. | 2 Whitfield, loc. cit. 

3 Hammarsten has recently shown that in human bile the mucin is true mucin, not 
nucleo-albumin. Kdén. Ges. der Wiss. Upsala. Separat-Abzug, 1893. 

* The experiments with red marrow are being carried out by Dr Forrest in this 
laboratory, and are at present incomplete. He will publish his results shortly. 
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place to describe them in general terms, and to mention the chief 
conclusions that can be drawn from them. 

With one exception we have used rabbits. The one exceptional 
experiment in which a dog was employed will be referred to in 
Section XIII. 

We selected the rabbit as the test animal because it is one which is 
especially prone to suffer from wide-spread intravascular coagulation on 
_the introduction of nucleo-albumin into the circulation. 

The general plan of an experiment was as follows :— 

The nucleo-albumin having been prepared as already described was 
dissolved in dilute (1 or 2°/,) sodium carbonate solution and filtered. 
The filtrate so obtained was clear or faintly opalescent, colourless or 
faintly yellow, and usually very viscous. 

The animal was then anesthetized with ether, and fixed in a 
holder in the usual way. The external jugular vein was exposed, and 
a cannula inserted; through this the solution was injected, and 10 or 
20 c.c. was usually fain to be sufficient to cause death. 

In those cases where the injection was not fatal the animal was 
killed by ligaturing the trachea. 

In a typical case, the animal dies quite suddenly in a few seconds; 
the respiration suddenly ceases; there is no dyspnea as a rule, but 
there may be slight stretching movements. Sometimes after ceasing to 
breathe for about a minute the animal gives a few breaths more, and 
sometimes it resumes breathing normally, which however ceases finally 
on injecting a few more c.c. of the solution. 

Other marked symptoms are extreme = aaa dilatation of 
the pupils, and a gradual slowing of the heart. 

The post-mortem examination is performed as rapidly as _ possible, 
and the thrombosis found is usually limited to the venous blood, but in 
some cases there is extensive clotting in the arteries also. The right 
auricle is the situation most frequently found filled with clot, then the 
inferior vena cava below the entrance of the portal ; the azygos and 
subclavians are frequent situations also; the portal vein and the inferior 
vena cava above the entrance of the hepatic only contained clot in a few 
experiments. The blood which has not clotted is usually somewhat 
laky, and rapidly clots after removal. The heart is usually found 

beating slowly; though still contracting feebly, the right cavities are 
full of dark clot, the left usually empty, or they may contain clot 
which differs from that on the right side in being bright red. 

Death is thus evidently due to failure of respiration, and the ques- 
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tion arises whether the respiratory centre is at fault, or whether the 
primary cause is to be sought in the lungs. The sudden stoppage of 
respiration and the absence of dyspnoea point to the respiratory centre, 
and this is confirmed by the fact that severance of the vagi makes no 
difference in the experimental result (see Rabbits 71, 89, 97). 

Intravascular coagulation is produced in the typical manner de- 
scribed, no matter which of the nucleo-albumins is used ; the method of 
preparation also makes no difference. The following examples may be 
selected from Series A of experiments at the end of this paper. In 
rabbits 1 and 2, thymus nucleo-albumin was prepared by the sodium 
chloride method ; in rabbit 4 by the acetic acid method. In rabbit 3 
kidney nucleo-albumin was prepared by the sodium chloride method ; 
in rabbit 5 by the acetic acid method. In rabbits 28, 29 and 30 we 
have the same thing for the nucleo-albumin of the spleen, and in 
rabbits 86 to 90 for the thyroid. Nucleo-albumin from the brain 
(rabbits 21 to 24), liver (rabbits 6 and 8) and lymphatic glands 
(rabbit 7) also produced typical intravascular clotting. 

Bile mucin was used in two experiments only (9 and 35), but it 
produced no intravascular coagulation. We do not feel able to draw 
any conclusion from two negative experiments, but we did not pursue 


_ this branch of the enquiry any further, as we were more interested in 
_ the consideration of tissue nucleo-albumins. 


III. Comparison or NUCLEO-ALBUMINS PREPARED BY THE 
Two METHODs. 


Our original object in performing these experiments was to ascertain 
whether the nucleo-albumin prepared by the sodium chloride method is 
the same substance which can be obtained by the acetic acid method of 
Wooldridge. We have worked out the subject in connection more 
especially with two organs, namely, the kidney and thymus. These 
lend themselves particularly well to such a research, as an abundant 
supply of material is readily obtainable from each by either method. 

There are no doubt certain differences between nucleo-albumin 
prepared by the acetic acid method, and that prepared by the sodium 
chloride method; the former is a fine flocculent precipitate, the latter 
is obtained in coherent strings which are viscous, and after treatment 
with alcohol remind one very much of fibrin,. But these differences are 
physical, and the chemical and physiological characters are so much 
alike that we feel justified in concluding that the two substances are 
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the same. We may repeat briefly what these resemblances are in the 
case of kidney nucleo-albumin’. 


a. Artificial gastric digestion leads in each case to a formation of an 
insoluble residue of nuclein. 

b. After extraction of the organ by one method, the residue yields only 
traces by the other. 

c. The heat coagulation temperature 63°—65° is in both cases the 
same. 

d. The material gives the same general proteid reactions, and its 
solubilities are the some in both cases. Among other points the solubility in 
dilute alkali, or alkaline carbonate and its ready precipitability by acetic acid 
may be particularly mentioned. 

e. Phosphorus estimation in both cases gives approximately the same 
result, The following table gives the results of analysis. The method of 
—" is fully given in the paper just quoted. 


K nucleo-albumin. 


Percentage of Phosphorus 
Mode of preparation Percen of ash 
Sodium chloride method 0°36 0°385 1:312 
Acetic acid method 0°3829 0°3847 0°381 


J. The physiological result (production of intravascular clotting in rabbits 
by intravenous injection) is the same in both cases. - 
In the case of the thymus we have now worked out the same 
investigation ; aud our conclusion is the same, namely, that the material 
prepared by one method is identical chemically and physiologically with 
that obtained by the other method. The paragraphs lettered a, b, c, and 
f may be repeated in the same words as above. . The pores . and e 
may be given a little more fully. 


d. Chemical reactions and solubilities. 

In order to test the solubilities and reactions of the nucleo. albumins three 
preparations were made by the sodium chloride method ; in one the process 
had been repeated twice; this specimen caused intravascular coagulation ; in 


the second the process had been repeated thrice, and in the third six times; 


these two preparations did not produce intravascular coagulation. Two 
preparations of nucleo-albumin were prepared by the acetic acid method ; one 


1 They are stated at length in the paper on the ‘‘ Proteids of Liver and Kidney.”’ Loc. 
cit. 
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was purified by redissolving in dilute sodium carbonate, and reprecipitation 
by acetic acid twice; the other was purified by the repetition of the process 
six times ; the former produced intravascular coagulation ; the latter did not. 
How repeated purification produces a loss of power in producing intravascular 
coagulation we shall discuss more fully later on. It appears to be associated 
with changes in the nucleo-albumin so that the normal relationship between 
id nuclein and albumin is altered as shown by phosphorus estimations. It does 
not influence the chemical reactions of the substance in the least. It will be 
‘ unnecessary to give for each of these five preparations all the reactions tried, 
; as the result was in each case practically the same, those preparations which 
| had been often reprecipitated being a little more difficult to dissolve. 

The substances dissolve readily in dilute alkali, dilute alkaline carbonate, 
ammonium chloride (15°/,), magnesium sulphate (5°/,), sodium chloride (10, 
5 and 2°/,); it dissolves slightly in normal saline, and in water. The solu- 
tions were in all cases viscid, and faintly opalescent. The viscidity is most 
marked in preparations made by the sodium chloride method. The proteid 
is precipitated by dialyzing away the salt from the solutions. It is completely 
precipitated by saturation with ammonium sulphate, and only incompletely 
by saturation with sodium chloride or magnesinm sulphate’. | 

_ Acetic acid causes a precipitate which aggregates together on standing. 
Nitric acid causes a precipitate which partially disappears on heating, but 
does not reappear on cooling. 

The proteid is further precipitated by the usual precipitants of proteids, 
and gives all the usual colour reactions quite typically, including a violet (not 
pink) colour with copper sulphate and caustic potash, 

e, Elementary analysis. We have not made a complete elementary 
analysis of these substances, but confined ourselves to the estimation of the 
most interesting of the elements present, namely, phosphorus. The following 
table gives the results. : 


Thymus 


Percentage of Phosphorus 
Mode of tion P of ash 
In material | ssh-free 
1. Sodium chloride method 15448 | 1:5888 2:3214 
2. ditto 0-814 0°8597 5°32 
3. Acetic acid method 08389 0°8674 3°2894 
4, ditto 0°8225 0°8572 40463 


1 An extract of the fresh tissue made with normal saline contains nucleo-albumin, 
which in this mode of preparation is completely precipitated by saturation with magnesium 
sulphate or sodium chloride. 
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' Analyses 2, 3, and 4 agree very well. Preparation No. 1 was obviously 
impure, containing lumps of thymus tissue visible to the naked eye, hence the 
higher paceninay of phosphorus from the nuclei mrenes in the lumps of 
tissue. 

In no case of the above was the preparation purified so as to kone me 
physiological activity in producing intravascular clotting. | 

We consider that analyses 2, 3, and 4 justify us in concluding that the 
substance prepared by the sodium chloride method is the same as that obtained 
by the acetic acid method. 

Lilienfeld’ has however recently arrived at a different conclusion. He 
finds that the nucleo-albumin prepared by the sodium chloride method 
contains 0°433°/, of phosphorus: while that prepared by the acetic acid 
method, which he calls nucleo-histon and considers to contain material derived 
from the nucleus, contains much more phosphorus, 3-025 °/,. 

We are unable to explain this result fully’, so feel bound to ast our 
conclusions from our own experiments. 


IV. Comparison OF NUCLEO-ALBUMINS PREPARED FROM 
DIFFERENT ORGANS. 


Our experiments further show that although the nucleo-albumins 

prepared from different organs resemble one another in their general 
characters, and in their special property of producing intravascular 
thrombosis, yet there are differences between them: 


i. Thymus nucleo-albumin can be readily prepared by either method ; 

and it contains 0°8 °/, of phosphorus. 
ii. Kidney nucleo-albumin can also be prepared by either method ; it 

contains 0°37 °/, of phosphorus. 

iii. Liver nucleo-albumin can only be prepared by the acetic acid method. 
It contains 1°45 °/, of phosphorus. 

iv. Brain nucleo-albumin can only be prepared by the acetic acid method. 
It contains of phosphorus. 


V. STRENGTH OF SOLUTIONS USED. 


This we have estimated by evaporating to dryness 950c.c. of the 
sodium carbonate solutions of three specimens of thymus nucleo-albumin. 


1 Zeit. Chem, p. 473. 

2 It is possible to explain his results partly as follows: we shall nee. later on. that 
attempts to purify the nucleo-albumin by a repetition of the processes of preparation really 
lead to disintegration of the molecule, repetition of the sodium chloride process lowering, 
and of the acetic acid method increasing the percentage of phosphorus, 
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_ They were very viscid, and we were surprised to find how very little 
proteid matter they contained, and consequently what a small dose of it - 
is necessary to cause death by thrombosis. The solid residue was boiled 
with alcohol, and then well washed with water, and finally dried and 
weighed. The 950c.c. of solution contained only 0367 grammes of 
nucleo-albumin, that is 0°038 percent. 


VI. Recent THEORIES OF BLOOD COAGULATION. 


Having thus established our primary object, that the nucleo-albumins 
prepared by the two methods are the same substance both chemically 
and physiologically, we pursued the investigation along other channels, 
some of which were suggested by researches on the subject which 
appeared while our work was in progress. 

We do not propose to enter into any lengthy discussion of rival 
theories of blood coagulation, but only to mention the most prominent 
of the views recently advanced in reference to this — subject. 
These are as follows :— 

1. That fibrin is a calcium compound of fibrinogen. 

2. That agents like oxalates that have a greater affinity for calcium 
than fibrinogen has, delay or prevent coagulation (Arthus and Pagés); 
and according to Pekelharing ‘ peptone’ produces its well-known action 
in a similar manner. 

3. That in addition to fibrinogen and a calcium salt something else 
is necessary; this something else has received various names: tissue 
fibrinogen (Wooldridge), cell-globulin (Halliburton), cell-fibrinogen 
(Wright), nucleo-albumin (Pekelharing), nucleo-histon (Kossel and 
Lilienfeld), nucleo-proteid (Hammarsten), preglobin and cytoglobin 
(Schmidt), etc. The action of this substance or substances is in some 
way to produce between the fibrinogen and the calcium that interaction 
which is necessary for the formation of fibrin. 

The older experiments of Schmidt and Hammarsten haved that 
the formation of fibrin from fibrinogen might be brought about by the 
fibrin-ferment. 

Whether any relationship exists between the fibrin-ferment, and 
the substance or substances just named is a matter that demands 
renewed research. 

We consider, however, that our nucleo-albumins are something quite 
different from fibrin-ferment. Fibrin-ferment is not readily coagulated 
by alcohol, nucleo-albumin is. Fibrin-ferment cannot be obtained by 
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Schmidt’s method from nucleo-albumin. Fibrin-ferment causes coagu- 
lation in extra-vascular (salted) plasma, nucleo-albumin does not. 
Nucleo-albumin causes coagulation in intra-vascular plasma, fibrin- 
ferment does not. 


VII. INFLUENCE oF SoptumM CARBONATE SOLUTIONS. 


We always employed sodium carbonate solution as the solvent for 
the material injected. In most cases the strength of the solution was 
1 or 2 per cent.; in some of our earlier experiments we used a 5 per 
cent. solution. Such solutions alone do not produce intravascular 
coagulation. Several hundred c.c. of a 2 per cent. solution may be injected 
into the circulation of a rabbit without any untoward result, though if 
pushed too far the animal at last dies, salivation and muscular spasms 
being the most marked symptoms (Rabbit 18). A smaller dose of a 5 
per cent. solution produces the same result (Rabbit 19). In some of 
our earlier experiments where we used the 5 per cent. solution as the 
solvent of the nucleo-albumin, we noticed the same symptoms which 
were evidently due to the carbonate. 


It is well known that Wooldridge attached considerable importance 
to the réle played by lecithin in the causation of blood clotting. He 
always strenuously resisted the suggestion’ that the important phos- 
phorus-containing substance in his preparations was nuclein rather 
than lecithin. But our own experiments together with those of 
Pekelharing and Lilienfeld confirm us in the opinion that the 
lecithin is an impurity, and not an essential factor. 

Our own experiments have led us to the following conclusions :— 


1. The most abundant impurity in the nucleo-albumin prepared | 


by either method is protagon. 

2. This may be readily removed by washing the nhaidncs with 
hot alcohol. When the alcohol cools, protagon is deposited in Tosettes 
of needle-like crystals. 

3. The same separation may be effected by a 2 per cent. solution 
of sodium carbonate. The solid proteid may yield to alcohol an 
abundant supply of protagon; but if the proteid is dissolved in 2 per 


cent, sodium carbonate solution and filtered, the solid residue after. 


1 This suggestion was we believe first made by one of us. (Halliburton, Proc. Roy. 
Soc. xutv. (1838), p. 267.) 
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evaporation of the filtrate to dryness yields only traces of protagon, or 
if reprecipitation and re-solution is performed two or three times there 
may be none at all. This shows that if the protagon is in combination 
with the nucleo-albumin, the union is a very loose one. 

4. The supposition that we have to do with a mixture rather 
than a combination of nucleo-albumin and protagon is confirmed by the 
fact that the quantity of protagon obtainable is very variable, and not 
at all proportional to the amount of nucleo-albumin. Thus we took 
approximately equal quantities of nine preparations of thymus nucleo- 
albumin, and the amount of protagon that separated out from the 
alcoholic washings may be stated roughly as follows :— 


Preparation Deposit of Protagon 
1. NaCl method Active Very scanty deposit 
Slightly active Heavy deposit 
3. pa Inactive Fairly heavy deposit 
4. Active Very heavy deposit 
5. Inactive Heavy deposit 
6. Acetic acid method Inactive Fairly heavy deposit 
7. Inactive Hardly any deposit 
8. Active Very slight deposit 
9. Inactive Very slight deposit 


5. Pure lecithin injected intravenously does not produce intra- 
vascular coagulation. Lecithin is very insoluble in sodium carbonate 
solution, and was therefore mostly in suspension. The injection pro- 
duced death, probably by producing capillary plugging; the heart was 
found in a state of diastole at the post mortem examination (see 
Rabbit 17). } 

6. Injection of the alcoholic extract of nucleo-albumin (prepared 
by both methods) dried and suspended in dilute sodium carbonate 
solution, does not produce intravascular coagulation (Rabbits 13, 14, 20). 

7. Injection of the crystalline deposit of protagon obtained by 
washing nucleo-albumins with alcohol as already described, and sus- 
pended in dilute sodium carbonate produces no intravascular coagula- 
tion (Rabbit 102); except in one case where clots were found on both 
sides of the heart (Rabbit 104); here the foreign material formed foci 
of coagulation, and bright shining lumps of protagon were found in the 
interior of the clots) What had occurred was something absolutely 
different from intravascular clotting produced by nucleo-albumin ; the 
clots were three or four rounded lumps floating in the blood ; in intra- 
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vascular coagulation produced by nucleo-albumin the clot takes the 
shape of the cavity in which it is situated. | 

8. Injection of this crystalline deposit plus a solution of nucleo- 
albumin which by repeated purification had lost nearly all its nuclein 
and also its activity in producing clotting, led to similar negative results 
(see Rabbits 102, 108). 

9. Injection of the nucleo-albumin prepared by either method, 
and freed from lecithin by the use of alcohol, still produces intravascular 
clotting. It is not so marked as before the use of alcohol because this 
reagent makes the proteid very insoluble. In fact one has generally to _ 
add a little caustic alkali to get a solution at all (Rabbits 10, 11, 12, 
15, 16). 

10. Chloroform has the advantage over alcohol in freeing these 
substances from lecithin because it has little or no coagulating influence 
on the proteid (Rabbit 47). 


IX. EXPERIMENTS ON EXTRAVASCULAR PLASMA. 


We have now seen that nucleo-albumins produce coagulation in 
intravascular plasma, and that this action is not due to the lecithin or 
protagon with which they may be contaminated. The question next 
arises, do they produce coagulation in extravascular plasma? We have 
taken salted plasma as our test-plasma, and prepared it by the use of 
magnesium sulphate and sodium sulphate. We have prepared nucleo- 
albumins from thymus, kidney, and spleen by both methods, and also 
from the brain by the acetic acid method. Some of these preparations 
were active in producing intravascular clotting; others were inactive. 
But in all cases the result on extravascular plasma was the same, 
namely, that they possessed no power of hastening the coagulation 
of the plasma. If however the nucleo-albumin had been previously 
warmed with a little calcium chloride solution, there was marked 
acceleration in the clotting of the diluted salted plasma. 


The general scheme of these experiments was as follows : 


A number of test tubes were taken, and in each was placed the same 
volume of salted plasma. This was then diluted with various liquids, always 
to the same extent, generally to six times its original volume. 

1. Diluted with water; this coagulated slowly or not at all. 


2. Diluted with water plus a few drops of 2°/, solution of vais 
chloride ; this coagulated more rapidly. 
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3. Diluted with Schmidt’s fibrin ferment; this coagulated very 
rapidly. 
_ 4. Diluted with solution of nucleo-albumin ; this coagulated as slowly 
as 1, sometimes even more slowly. 

5. Diluted with solution of nucleo-albumin which had previously been 
warmed to 40° C. with a little calcium chloride. This coagulated as rapidly 
as 3. 


On account of experiments such as these Pekelharing has con- 
cluded that nucleo-albumin is the mother substance or zymogen of 
fibrin ferment and is converted into fibrin ferment by the action of the 
calcium salt. 

This explanation does not appear to us to be an adequate one, for 
the amount of calcium salt in extravascular plasma is presumably the 
same as in intravascular plasma. The difference in the behaviour of 
nucleo-albumin to intravascular and extravascular plasma seems to us 
to be one of the great difficulties in properly understanding the method 
of fibrin formation. The difficulty becomes still greater when we 
compare the activities of nucleo-albumin and fibrin-ferment on the 
two forms of plasma. We have already pointed out at the end of 
Section VI. the differences between fibrin-ferment and nucleo-albumin, 
and it does not appear to us at all improbable that the two substances 
are absolutely different. 


X. ACTION OF PEPTONE. 


The theory that “peptone” (a term which includes the proteoses) 
hinders coagulation on account of its affinity for calcium salts was 
a brilliant idea that we owe to Pekelharing. He supported it by 
drawing an analogy between the action of peptone, and that of soap 
which has an affinity for calcium and hinders blood coagulation. He 
supported it on the experimental side by showing that the various 
effects of “peptone” (loss of coagulability of the blood, fall of blood- 
pressure etc.) may be counteracted by the injection of a soluble calcium 
salt like the chloride. This we have confirmed. We injected about 10 c.c. 
of a 10 per cent. solution of commercial peptone into the circulation. 
After about a minute a small quantity of blood was withdrawn from the 
carotid artery. This took about 14 minutes to coagulate. Then 50c.c. 
of a 1°/,-solution of calcium chloride was injected, and another sample 
of blood withdrawn; this clotted in one minute (Rabbit 48), The 
same result was obtained when ‘leech extract’ was used instead of 
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‘peptone.’ Leech extract owes its activity to a proteose’, and is usually 
rather more effective in hindering blood coagulation in the rabbit than 
commercial peptone (Rabbit 43). 

But we have heard the objection raised that other substances “oe 
undoubtedly have a great affinity for calcium do not act in this way, 
and in particular we were asked if potassium oxalate acts like peptone. 
We put it to the test of experiment and found that the injection of a 


_ weak (0°4) per cent. solution of this salt renders the blood when it is 


drawn off very slow in coagulating (Rabbits 60, 63). We have thus 
an additional confirmation of Pekelharing’s hypothesis. 

In connection with these experiments we may allude to those 
numbered 41 and 42, which show that substances like leech extract are 
directly antagonised by solutions of nucleo-albumin ; and after injection 


of the first, the latter causes hastening of coagulation or even intra- 
vascular thrombosis. 


XI. NEGATIVE RESULTS. 
A glance through the protocols of our experiments will show that in 


many of them negative results were obtained. A solution of nucleo- 


albumin could be injected into the circulation in large quantities 
without producing intravascular coagulation. It has been one of our 
endeavours to investigate the causes of these failures and the principal 
factors at work appear to be four in number :— 

1. Idiosyncrasy of the animals. 

2. Changes of the proteid due to its having been kept some time 
in solution. 3 

3. Too rapid preparation of the proteid. 

4. Purification of the proteid. 

These we may take one by one. 

1. Idiosyncrasy of the animals used. A solution of nucleo-albumin 
will cause intravascular coagulation in some rabbits and not in others. 
This is shown in experiments on rabbits 50 and 52, and 65—71. 

At first we thought this might be due to the time of day in relation 


to the feeding of the animals; but we were unable to discover any such 


relationship. The only point in which the animals which gave this 
negative result agreed, was the fact that they were albinos. We have 
occasionally had negative results with coloured rabbits, but have never 
been able to produce intravascular clotting in an albino. 


1 W.L. Dickinson. This Journal, x1. p. 566. 
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2. Failure due to keeping solutions too long. A solution of nucleo- 
albumin in sodium carbonate which when freshly prepared causes 
intravascular clotting, loses this power gradually in the course of a few 
days (and in some cases even in a few hours), larger and larger doses 
being necessary to cause death by clotting. This is very well shown in 
the series of rabbits numbered 74 a, b, and c, also in rabbits 40 and 53. 

Similarly too long contact ’with dilute acid in Wooldridge’s 
method of preparation causes a similar injurious effect on the proteid 
(Rabbits 23, 91). 

To obviate the necessity of preparing the substance in the fresh 
condition for every experiment, we used to dry the solution rapidly in 
the vacuum of an air-pump. We used Fleuss’s pump for the purpose, 
and found we could if necessary dry about a pint in 24 hours. The 
solid powder was then bottled, and dissolved in water when wanted for 
an experiment (see Rabbits 46, 47, 54, 74). 

The powder, however, does not remain active for an indefinite time. 
We tested some after the lapse of more than a year and found ae 
inactive (Rabbits 111, 112). 

For the purpose of keeping solutions for weeks or months we added 
thymol. The power of producing coagulation is lost as before (Rabbits 
75, 76), but the solutions turn first pink, then red, and then the proteid 
is precipitated. We had added thymol to these solutions to prevent 
_ putrefaction; and no bacteria were found months afterwards. The 
pink colour is due to the thymol; if thymol is placed in a flask with 
1 per cent. solution of sodium carbonate, the same red pigment appears. 
The red colour that appears in carbolic acid when it is kept is described 
by chemists as being due to an impurity of uncertain nature. Probably 
this red pigment formed in connection with the related substance 
thymol is of the same nature. Spectroscopically it shows no bands. 

The precipitation of the proteid is doubtless produced also by the 
thymol; the action of thymol in precipitating proteids has been de- 
scribed by Hewlett’. | 

In one case we examined the relative quantity of proteid pre- 
cipitated with that remaining in solution. We found also that that 
remaining in solution is richer in phosphorus than that which is 
precipitated. The numbers were as follows: 

Proteid in precipitate 0°350 grms. containing 0°19 °/, of phosphorus. ~ 

Proteid in solution 115 °/, 


1 Proc. Physiol. Soc. (May 12) 1894, p. ix. 
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The quantity of proteid in solution was however so small, that the 
phosphorus estimation must be regarded as only approximate. If 


_ thymol is not added to the solutions, they become cloudy, and a pre- 


cipitate forms in a few days. 

3. Too rapid preparation of the nucleo-albumin. Wooldridge’s 
method of preparing nucleo-albumin takes at least twenty-four hours, 
usually longer. The sodium chloride method has an advantage over 
this, as it can be carried through so rapidly that in a few hours an 
abundant supply of material is obtained. This is, however, not alto- 
gether an advantage for we found as we became more accustomed to 
the method, and our manipulations more rapid, that we more frequently 
obtained negative results than in our earlier experiments; and we 
believe that many of our failures are due to our having obtained not 


the active nucleo-albumin, but an inactive precursor of the active 


material (compare Rabbits 82 and 88). 
It is well known that in order to prepare an active digestive solution 
from the gastric mucous membrane, or the pancreas, it is necessary 


- to take not the fresh tissue, but the tissue after it has been allowed to 


remain some hours after death, or after treatment with dilute acetic 
acid in order to convert the zymogen into the ferment. 

We have in this paper used the term fibrin-ferment as little as 
possible in order to avoid controversial theorising. Whether nucleo- 
albumin acts like other ferments or not, there can however be no doubt 


_ that just as pepsin and trypsin are preceded in their respective glands 


by pepsinogen and trypsinogen, so it appears that nucleo-albumin 


obtained from various tissues is preceded in these tissues by something 


resembling a zymogen which develops into the nucleo-albumin active in 
producing thrombosis by allowing the tissue to stand some hours, or by 
treating it with dilute acid. In our rapid process of preparation this 
conversion of precursor into active nucleo-albumin has been in many 
cases apparently incomplete. 

A fresh thymus was taken, minced and extracted with 1 per cent. 
sodium carbonate solution ; this was filtered, and a large quantity of the 
viscid filtrate injected into a rabbit without producing any intravascular 
coagulation (Rabbit 92). The remainder of the same thymus yielded 
by Wooldridge’s method a nucleo-albumin which was extremely 
active in producing thrombosis (Rabbits 93, 96, 97). 

In another experiment the sodium carbonate extract of fresh thymus 
produced no intravascular coagulation (Rabbit 94); but the same solu- 
tion was precipitated with acetic acid; the precipitate was collected 
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and dissolved in sodium carbonate, and this solution produced throm- 
bosis (Rabbit 95). | 

In a third experiment, the thymus obtained from the butcher’s smelt 
slightly of putrefaction; it was rubbed up with sand, and extracted 
direct with 1°/, sodium carbonate; this extract caused sHommons 
(Rabbits 100 and 101). 

In a fourth experiment, a sodium carbonate extract of a fresh 
thymus supplied within 12 hours of death caused no clotting (Rabbit 
106), but some of the solution allowed to remain in contact with a part 
of the same thymus for 23 hours caused typical intravascular coagula- 
tion (Rabbit 108). Other portions of the same thymus were kept in 
contact with 0°5°/, acetic acid, and samples removed at intervals, and 
extracted with 1°/, sodium carbonate. The extract obtained from a 
sample removed after an hour's contact with acid was still inactive; 
the extract of a second sample removed after 34 hours’ contact with 
the acid was active (Rabbit 107); the extract of a third sample 
removed from the acid 20 hours later was inactive (Rabbit 109). The 
inactivity of this extract and of that used in Rabbit 110 is easily 
explained by the harmful effect produced by too prolonged contact 
with acid. 

4. Purification of the nucleo-albumin. The process of purifying 
the nucleo-albumin consisted in taking the scum prepared by the 
sodium chloride method, grinding it up once more with sodium chloride 
and reprecipitating it by throwing the mixture into excess of distilled 
water. This was repeated two, three or more times. The material so 
obtained still gives the same tests as before; its solution in 1°/, sodium 
carbonate is still viscid, but if the process has been repeated more than 
three times, 200 c.c. may be injected without producing intravascular 
coagulation (Rabbits 31 and 32, 33 and 3+, 36, 40 and 44, 77, 78 and 
79, 80 and 81). In some cases repeating the process thrice did not 
entirely destroy the activity of the solution (Rabbits 79, 83), but more 
than thrice always did so, 

We noticed that during the process of repeated washing there was 
a considerable loss of material, some of the nucleo-albumin passing into 
a condition of semi-solution in the weak saline beneath the surface- 
scum. Injection of this very opalescent liquid however led to the same 
negative result (Rabbit 61). 

The process which we have called purification had evidently re- 
moved something from or added something to the nucleo-albumin, 
which in consequence loses its activity. In proceeding to investigate 
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what that something was we were well acquainted with the difficulties 
involved in the investigation. Proteids are very readily changed by 
the methods used in their separation, and these changes are often not 
recognisable by chemical tests but show themselves in the physiological 
actions of these substances. There are for instance no marked chemical 
differences between the proteids which are foods, and those which are 
poisons. Even a comparatively stable one like hemoglobin is changed 
by the simple process of recrystallisation'. One cannot positively state 
that serum globulin precipitated from serum by saturation with 


) magnesium sulphate is exactly the same substance that exists in the 


serum in solution. 

There appeared to us to be five possibilities of the action of the 
processes of purification. 

1. The process removes a ferment from the eile tlbnumin, 

That it removes caleium from the preparations. 

That it removes lecithin or protagon from them. 

That it breaks up the molecule into nuclein and proteid. 
That it adds sodium chloride to the preparation. 

It is not lecithin nor protagon ; our previous experiments (Section 
VIII.) had shown us that neither lecithin nor protagon is the active 
agent; and the substance which after one, two, or three washings causes 
thrombosis, and that which after four or more fails to do so are both 
equally free from lecithin, The hot alcoholic or chloroformic extract 
of both contains no phosphorus. It is not calcium; the ash of the 
purified and unpurified substance alike contains the merest trace of 
calcium ; and injection of the purified substance plus a soluble calcium 
salt is quite ineffectual in producing thrombosis (Rabbits 34, 36, 44). 

The suggestion that an intangible and shadowy substance known as 
a ferment had been removed is difficult to prove or disprove, and it 
would have only required adoption if all other suggestions failed. We 
have however obtained definite results by estimating phosphorus, and 
so it is unnecessary to fall back on the unsatisfactory idea of a ferment. 

It was at a meeting of the Physiological Society at which we 
showed some of our experiments that Professor Haycraft suggested 
that by the repeated use of salt we had obtained an inactive sodium 
chloride compound of the proteid. 

In subjecting the material to analysis, a quantity of nucleo-albumin 
was prepared by both methods; some of this was subjected to the 
process we have called purification, and the activity in producing 

F, Kriiger, Zeit. Biol. xx1v. (1887), p. 47. 
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thrombosis was tested on rabbits. The remainder was thoroughly 
washed with hot alcohol and ether to remove lecithin, protagon, fat, 
and cholesterin, and with acidulated water to remove inorganic phos- 
phates. This was dried, and a weighed portion dissolved in hot nitric 
acid, sulphuric acid and potassium chlorate being added to assist 
oxidation; the resulting liquid was treated with nitro-molybdate of 
ammonium, the yellow precipitate collected, washed, dissolved in am- 
monia, and magnesia mixture added; the precipitate caused by this 
reagent was collected on a filter of known ash, incinerated, and the ash 
(minus that of the filter) gave magnesium pyrophosphate from which 
_ the percentage of phosphorus was calculated. Another portion of the 
dried proteid was heated in a combustion tube with pure lime; the 
_ product. dissolved in nitric acid, silver nitrate added and the resulting 
silver chloride collected, dried and weighed. This was subsequently 
calculated as sodium chloride. In other portions the ash was deter- 
mined in the usual way. 
The following table gives our results :— 


t- | P 
rus ercent- | Percen 
Purified or not producing In ere ae age of ash of Nace 
substance | substance 
1 | Unpurified Active 15448 | 15888 | 2°3214 | 0:3992 
(Rabbit 77) 
2 | Unpurified Active 0814 0°85975 | 5°32 traces 
(Rabbit 78) | 
3 | Purified 3 times |Slightly active} 0°2229 | 0°2459 | 9°365 | 0:2634 
(Rabbit 79) 
4 | Purified 3 times | Inactive | 02412 | 0:2624 | 8108 | 0:3397 
(Rabbit 81) 
5 | Purified 3 times Active 03847 | 0:41382 | 6977 | traces 
(Rabbit 83) . 
6 | Purified 4 times | Inactive | 0°09467 | 0°1465 | 8-974 | 0-28995 
(Rabbit 85) 
7 | Purified 6 times | Inactive | 0-0062 
| (Rabbit 104 
and dog) 


In preparation No. 1, the percentage of phosphorus is too high, as already 
explained in Section IIL. 


In preparations 2 and 5, the estimation of chlorine was carried so far as 
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to show us that only small quantities were present; but the flasks un- 
fortunately met with an accident before the chloride could be weighed. 

In preparation 7, the quantity of material obtained was too small to 
admit of the completion of the series of analyses. 


The conclusions to be drawn from the above table are the fol- 
lowing :— 

1. That the active i selehsanios contain a higher percentage of 
phosphorus than the inactive ones. 

2. That repetition of the process of preparation leads to a dis- 

sociation of the nuclein from the proteid. 

8. The inactive preparations contain a higher percentage of ash 
than the active ones, 

4. That the amount of sodium chloride is fairly constant through-. 
out; that it forms quite an insignificant fraction of the total ash; and 
that if, as Prof. Haycraft suggests, an inactive sodium chloride of the 
nucleo-albumin is formed, such a compound is decomposed by the 
processes of washing which form a necessary preliminary to analysis. 

5. That the term purification is a misnomer. Repeated treatment 
with the salt causes the preparations to become altered in their com- 
position as well as in their physiological properties. : 

The high percentage of ash surprised us; some of it is due to the 
sodium chloride used, or to the salts in the tap-water employed; some is 
due to the mineral matter which is almost without exception found in 
preparations of proteids in intimate association with them; but some 
we should say is due to the oxidation of the phosphorus and 
sulphur in the nucleo-albumin molecule brought about by incineration. 
H. Schulz’ has recently shown that sulphates are formed in tissues as 
the result of drying them at 110° C.; this would of course be greater at 
the temperature necessary for incineration ; and this view of the origin 
of part of the ash is supported by the fact that we found sulphites as 
well as sulphates present. The ash contained sulphates and sulphites 
in large quantities, phosphates and chlorides in small quantities, The 
metals found were calcium, sodium, iron, magnesium and potassium, 
the two last named in traces only. 

We then turned our attention to nucleo-albumin prepared by the 
acetic-acid method. Wooldridge found that his ‘tissue-fibrinogens’ 
lost their activity by reprecipitation. This we had confirmed in some 
of our earlier experiments (Rabbit 72). We thought it probable that 


1 Phiiger’s Archiv, (1894), p. 203. 
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this would be found to be caused in a similar way, as acetic acid 
would displace a weak acid like nucleic acid. The results of analysis 
therefore surprised us, and they may be stated in the following tables :— 


Percentage of Phosphorus 
In In ash-free | Percentage 
substance | substance of ash 
Preparation 1. Not reprecipitated 03829 0°3847 0-381 
= 2. Reprecipitated 4 times 0°352 — — 


propre by aati act 


Percentage of Phosphorus 
In In ash-free | Percentage 
ie | substance substance of ash 
1. Not reprecipitated 0°83892 | 0°86746 | 32894 
| 1:3276 | 1-3678 | 3-813 
Preparation 2. Not reprecipitated. Ac- ; anne 
tive (Rabbits 99,96,97))| | | 40465 
is 2a. The same reprecipita | 
6 times. Inactive(Rab- 1:1248 — 
bit 99) 


We thus see that contrary to expectation the acetic acid displaced 
the proteid rather than the nucleic acid, and thus caused a rise in the 
percentage of phosphorus in the case of the thymus nucleo-albumin ; 
the kidney nucleo-albumin contained practically the same amount of 
phosphorus in the two preparations. 

We must therefore conclude that while repeated alternate treatment 
with sodium chloride and water, and repeated alternate treatment with 
acetic acid and sodium carbonate, both destroy the physiological activity 
of nucleo-albumin, and both alter the composition of the material, the 
alteration is different in the two cases, the former method causing a loss 
of nuclein and a rise of ash, the latter causing a loss of proteid, and 
consequently a rise in the proportion of nuclein, the amount of ash 
remaining practically unaltered. : 


XII. INFLUENCE oF LEUCOCYTES ON COAGULATION. 


As the majority of observers consider that the colourless corpuscles 
play an important part in the coagulation process, it appeared necessary 
to discover if the thrombosis produced by the injection of nucleo-albumin 
solutions is entirely or in part due to the disintegration of corpuscles 
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within the blood stream. We however knew that substances like 
distilled water which produce extensive disintegration of the corpuscles 
never cause thrombosis. Our solutions of nucleo-albumin do produce 
destruction of corpuscles. Testing the matter with a drop of human 
blood on a slide we saw that the red corpuscles were made irregular in 
shape and to a slight extent dissolved. The white corpuscles are broken 
up immediately and form first a mass of adherent particles, which then 
separate and look just like blood platelets; but exactly the same result 
is obtained with solutions of the specimens which by repeated treatment 
with sodium chloride had lost their power of producing thrombosis, and 
very nearly as extensive disintegration is produced by the sodium 
earbonate solutions which we have used as the solvent of the proteid. 
Counting experiments performed on rabbits led us to the same conclusion. 
Injection of the nucleo-albumin produces a slight loss of red corpuscles ; 
this is evidenced also by the slight lakiness of the blood often seen ; the 
loss of white corpuscles is much more marked, being from 90 to 100 per — 


cent. The loss from injection of a corresponding volume of dilute sodium 


carbonate solution is nearly as great (75 per cent.). The loss always 
falls chiefly on the multinucleated leucocytes. Protocols of these experi- 
ments are given at the end of this paper (Series C). 

_ We have thus something more to reckon with than mere destruc- 
tion of leucocytes, and we can hardly resist the conclusion that it is the 
foreign material introduced into the circulation that furnishes the active 
substance that causes the thrombosis. | 

C. J. Martin’ has recently found that snake venom produces 
intravascular clotting, and that this substance is free from nucleo- 
albumin. He has been therefore forced to assume that the nucleo- 
albumin is liberated by the disintegration of cells, in proximity to the 
blood stream, especially of the endothelial cells, which appear to be very 
readily affected by the venom. We have had no opportunity of 
repeating these experiments, and certainly see no reason why Martin’s 
explanation should not be accepted. 

But we have taken the opportunity of repeating the experiments of 
another observer, namely, M. Loéwit?. 

Léwit used rabbits in his experiments, and he found that many 
agents which when intravenously injected cause leucocytosis produce as 
an immediate primary result leucolysis or destruction of the white 

1 This Journal, xv. (1893), p. 380. 


® Studien zur Physiol. u. Pathol. des Blutes und der Lymphe. Von M. Léwit. Jena, 
G. Fischer, 1892. 
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corpuscles. The reagents which acted in this way were albumose, 
peptone, pepsin, nucleic acid, nuclein, leech extract, pyocyanin, tuber- 
culin, curare, urea, uric acid, and sodium urate. 

Léwit is a strong supporter of Sch midt’s views on the preponder- 
ating influence of disintegrated leucocytes in bringing about blood 
coagulation, though he contests Lilienfeld’s view that the nuclei 
participate in the process’. He therefore asks why it is that if all these 
reagents cause leucolysis that they do not produce thrombosis, and 
concludes that what is wanting is calcium. He accordingly injected 
calcium chloride either before or after the injection of these substances, 
and states that he never failed to obtain intravascular clotting in this 
way. 

In our repetition of these experiments, we have followed his direc- 
tions closely ; we have not been through his entire list but have used 
Witte’s peptone, Griibler’s peptone, leech extract, curare, urea, uric 
acid and sodium urate. We have confirmed his results in so far that 
calcium chloride by itself does not produce thrombosis; the blood when 
shed however coagulates very rapidly; and we found the same result 
when calcium chloride is used in conjunction with peptone, leech extract, 
and the other substances just named. With one exception in fifteen 
experiments (Rabbits 37, 38, 39, 43, 45, 48, 49, 50, 51, 52, 55, 56, 57, 
58, 60) we never got a trace of intravascular coagulation. The one 
exceptional case (Rabbit 50) was when we used a peptone solution that 
had undergone putrefaction, and we therefore attribute the result to 
the nucleo-albumin in the bacteria themselves or to some product of 
their activity. | 

Our work then has not confirmed that of Léwit, and shows that 
something else besides leucolysis must occur in order to produce 
thrombosis. 

With regard to the influence of peptone as a leucolytic agent, a few 
_ more words are necessary. We agree with Wright’, that the leuco- 
cytes disappear from the blood after injection of ‘peptone’ (Exp. 2, 
Series C), but knowing that no destruction of leucocytes follows the 
admixture of peptone with a drop of freshly drawn blood on a micro- — 

1 Lilienfeld. Verhandl, d. physiol, Gesellsch. Berlin, 1891-2, No. 16. Lilienfeld’s 
work is very largely a confirmation of our own. What we have called nucleo-albumin he 
calls nucleo-histon. We are thoroughly in accord with him as to the importance of 
nuclein, but we do not regard it as at all necessary to imagine that the nuclein must 
originate from the nuclei, as the cell protoplasm also contains nuclein in the form of 


nucleo-albumin. 
* Wright. Proc. Royal Society, 11. (1893), p. 564. 
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scope slide’, we were doubtful as to whether Wright’s experiments 
really proved that the leucocytes had been dissolved. The recent work 
of Bruce’ shows that more probably the leucocytes get packed away in 
organs like the lungs and spleen. Such experiments as those of Wright 
and Bruce emphasize the difficulty that is experienced in attempting 
to discover (1) when destruction of leucocytes really does occur, and — 
(2) whether any causal relationship exists between such destruction 


and _ blood-clotting. 


XIII. Wootprinage’s NEGATIVE PHASE OF COAGULATION. 


_ It was first observed by Wooldridge, and more recently confirmed 
by Wright, that in dogs if the blood is not coagulated by the injection 
of ‘ tissue-fibrinogen ’ (nucleo-albumin), it undergoes clotting when shed 
with extreme slowness. Wright’s* hypothesis to explain this is that 
the nucleo-albumin injected consists of two parts, one the nuclein which 
produces the clotting, and the other a peptone-like substance which 
hinders clotting. The negative phase is explained by supposing that 
the ‘ peptone’ moiety is split off in the circulation, and produces there 


‘the well-known effects of “ peptone ” injection. This theory is supported 


by the observation that in these animals “peptone” is found in the 
urine, and further supported by the experiments of Pekelharing‘, who 
demonstrated by Devoto’s method the existence of “peptone” in the 


blood under similar circumstances. 


Lilienfeld takes the same view as Wright, ae his name “ histon” 
is an indication that he considers the substance united to vin nuclein to 
be like peptone. 

We are totally unable to assent to these views, and for the following 
reasons :— 

1, Nucleo-albumins give none of the reactions of peptones or 
proteoses (albumoses), even when freed from the greater portion of their 
nuclein by means of repeated alternate treatment with sodium chloride 
and water. Lilienfeld himself admits that his histon is coagulated 
by heat, and our own work shows that the proteid in question is a 
globulin not a peptone. 


1 See Experiment 7 c., Series C. 
on ciliated epithelium led to a corresponding negative result (Exp. 8, Series C). 

2 Proc. Roy. Soc. iv. (1894), p. 295. 

3 Proc. Royal Irish Acad. 8rd series, 1. No, 2, (1892), p. 117. 

4 Verhand. d. Konink. Akad. v. Wetenschappen te Amsterdam. Tweede Seaie, Del 1, 
No. 3. 
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2. Though we never saw the ‘negative phase’ throughout our long 
series of experiments on rabbits, this is perhaps not to be wondered at. 
Rabbits’ blood is peculiarly insensitive even to commercial peptone and 
other agents that produce loss of the coagulative tendency. We should 
however have expected to find the peptone in some of our experiments 
if any had been split off from the nucleo-albumin. Our methods and 
results are given fully in series B of experiments at the end of this 
paper, and they may be briefly summarised as follows :— 

a. After the injection of nucleo-albumin (active and inactive 
preparations being both employed), peptone or proteose was never found 
either in the blood or urine. 

b. There is no difficulty of recognising these substances after the 
injection of small quantities of commercial peptone. ; 

c. After the injection of non-proteid leucolytic agents there is also 
no peptone or albumose discoverable’. 

3. In one experiment only we used a dog (the last Scgericaens 
recorded in series A); we injected the proteid freed from all but traces 
of nuclein by six alternate washings with sodium chloride and water. 

Here also the result was negative. | 
| 4. C.J. Martin” has however repeated these experiments’ on dogs, 
and applied the trichloracetic acid method under more stringent 
conditions than we employed; he obtained a well-marked ‘negative 
phase,’ but was never able to detect a trace either of proteose or 
peptone. 

We must therefore conclude that the hypothesis of Wright, 
Pekelharing, and Lilienfeld in relation to this question is not 
supported by experimental evidence, and some other explanation will 
have to be sought. We are not prepared at present to advance any 
such explanation. 


XIV. SuMMARY. 


_ We may briefly sum up our conclusions as follows :— 
1. There are two methods of preparing nucleo-albumin from organs ; 
Wooldridge’s acetic acid method, and our sodium chloride method. 
(These are described more in detail in Section L) 


1 In one case (Experiment 12, Series B) there was a questionable trace found by the 
trichloracetic acid method after the injection of curare and calcium chloride. Calcium 
chloride (1 °/,) is leucolytic (see Experiments 5 and 7d, Series C). 

* This Journal, xv. (1893), p. 375. 
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2. The material obtained by both methods from the same organ is 
the same in (1) general proteid reactions, which closely resemble those 


of the globulins ; (2) percentage of phosphorus and (3) physiological 


action, i.e. the production of intravascular coagulation; death is due to 
cessation of respiration, primarily caused probably in the respiratory 
centre. 

3. The nucleo-albumins obtainable from various organs differ in — 
some minor points, the most important being the amount of nuclein 
(as evidenced by phosphorus estimation) in combisistion with the 
proteid. 

4. The sodium carbonate used as a solvent for these substances 
does not produce thrombosis. 

5. Protagon, the most abundant impurity in these preparations, 
is also not responsible for the intravascular clotting. 

6. These nucleo-albumins do not accelerate the coagulation of 
extravascular (dilute salted) plasma; and so contrast very forcibly with 
fibrin-ferment. The differences between fibrin-ferment and nucleo- 
albumin are so striking that we are inclined to regard them as different 
substances, each however capable of producing fibrin under appropriate 
conditions, 

7. Our experiments with ‘peptone’ and leech extract confirm the 


_ hypothesis of Pekelharing that these substances hinder coagulation 


on account of their affinity for calcium. 

8. Rabbits do not show Wooldridge’s ‘negative phase’ of coagula- 
tion. But our experiments together with those of C. J. Martin 
recorded in Section XIII. of this paper and in Series B in the appendix 
lend no support to the theory of Wright and Lilienfeld that this 
‘negative phase’ is produced by the splitting off of a peptone-like 
substance from the nucleo-albumin. 

9. We have often however failed to produce the typical intra- 
vascular coagulation in our experiments ; and the principal sources of 


_ failure are four in number. 


10. The first of these relates to idiosyncrasies in thé rabbit 


tribe, albinos being very resistant to the action of nucleo-albumin. 


11. The second is due to the keeping of the nucleo-albumin too 
long either in contact with the acid or the alkaline carbonate used in its 
preparation. 

12. The third is the too rapid preparation of the material. A fresh 
thymus yields to sodium carbonate a nucleo-albumin which is inactive, — 
and probably is a zymogen of the active substance. A thymus which 
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has been allowed to decompose slightly, or in which its cellular structure — 


has been thoroughly destroyed by grinding it up with sand, and treated 
for a few hours with dilute acetic acid yields nucleo-albumin active in 
producing thrombosis. 

13. The fourth is due to attempts to purify the material too 
thoroughly. Frequent alternate treatment with acetic acid and sodium 
carbonate, or with sodium chloride and water, produces not only a 
substance which is inactive physiologically, but also one which is 
chemically different from the original. The chemical change is not the 
same in the two cases, Repetition of the sodium chloride method of 
preparation causes a fall in the percentage of phosphorus, due to 


removal of nuclein, and a rise in the amount of ash, of which however — 


sodium chloride itself forms a constant but insignificant fraction. 
Repetition of the acetic acid method causes either no change in the 
proportion of phosphorus, or more frequently a rise due to removal of 
the proteid constituent of the nucleo-albumin. See tables Section 
IX, 4. 

14. Solutions of nucleo-albumin destroy the blood corpinales, 
especially the multinucleated white ones (Series C in appendix). This 
however is largely due to their alkalinity, and will not explain the 
thrombosis produced. Other leucolytic agents will not produce throm- 
bosis, even when calcium chloride is injected as well, and our experiments 
in this direction have entirely failed to confirm Léwit’s work on this 
question. 


APPENDIX. | 
Experiments. Series A. 


Rabbit 1. Nucleo-albumin from thymus (NaCl ee Intravascular 
coagulation in right heart. 

R. 2. Exp. repeated. Clots in all heart cavities, EY vense cave, 
iliac arteries; subclavian, and portal veins. 
BR. 3. Kidney nucleo-albumin (NaCl method). Clots in right heart, and 
venous system including portal vein. 

R. 4. Thymus nucleo-albumin (acetic acid method). Same result as 
in R. 3, 

R.5. Kidney nucleo-albumin acid method). Same result. 

R. 6. Liver nucleo-albumin (acetic acid method). Clots in right heart, 

_ and inferior vena cava. 


PH. XVII. 


~ 
“Yee 
a 
a 
4 
of 
5 
al 
a 
4 
Say 


162 W.D. HALLIBURTON AND T. G. BRODIE. 
R. 7. Nucleo-albumin from lymphatic glands (NaCl method). seg in 


all heart cavities, veins and arteries. 


R. 8. Liver nucleo-albumin (acetic acid method). Clots in right heart 


and all large venous trunks except the portal. 


9. “Bile-mucin” of ox. No intravascular coagulation. 

R. 10. Thymus nucleo-albumin prepared by NaCl method, and washed 
with five successive portions of alcohol at 40°—45°C. The residue dissolved 
with difficulty in dilute sodium carbonate. The solution was injected and 
killed the animal. The blood though viscous and clotting readily when shed 
was not actually coagulated in the vessels. 

_R.11. Exp. repeated. Good clot in inferior vena cava. 

R. 12. Exp. repeated with kidney nucleo-albumin prepared by acetic 
acid method. Result as in R. 10. 

R. 13 and R. 14. The alcoholic extract from the three preceding experi- 
ments deposited a good deal of protagon. The alcohol was evaporated to 


dryness, and the residue suspended in dilute sodium carbonate solution, and 


injected. No intravascular clotting; the blood clotted very slowly when shed. 

R. 15. Exp. on R. 10 repeated, a little caustic soda being added to assist * 
solution of the proteid. Same result. 

R. 16. Exp. on R. 12 repeated. Clotting in right heart, and inferior 
vena cava. 

R. 17. Lecithin suspended in dilute sodium carbonate injected. This 
killed the animal (? capillary plugging). No intravascular clotting. Heart 
stopped in diastole. Blood clotted rapidly on removal. 

R. 18. Sodium carbonate solution (2°/,) alone injected. Several hundred 
c.c. killed the, animal, salivation and tonic followed by clonic spasms being 
produced. No intravascular clotting. 

R. 19. Sodium carbonate solution 5°/, injected. 80 cc. killed the 
animal with same symptoms. No intravascular clotting. Blood clotted 
very slowly after removal. 

R. 20. Alcoholic extract of kidney nucleo-albumin evaporated to dryness 
and injected in dilute sodium carbonate. A large volume killed the animal, 
the symptoms being those produced by sodium carbonate alone. No intra- 


vascular clotting. 


R. 21 and R. 22. Brain nucleo-albumin (acetic acid method). Clots in 
right auricle and all large veins including the portal. __ 

R. 23. Another preparation of brain nucleo-albumin. Blood viscid but 
not coagulated. 

R. 24. A third preparation of the same. ‘5 c.c. killed the animal. 
Clots in all heart cavities, arteries and veins. 

R. 25. Nucleo-albumin from lymphatic glands (NaCl method), No 
intravascular coagulation. 


3 4 
4 
j 
3 
4 
4 
| 
4 
; 
‘ 
2 
‘ a 
| 
e 
' 
“ 


NUCLEO-ALBUMINS AND COAGULATION. 163 


R. 26. _ Nucleo-albumin from spleen (a mixture prepared by both methods). 
No intravascular coagulation. 

R. 27. Same solution after treatment with CaCl, No intravascular 
coagulation. 

R. 28. Another preparation from spleen (NaCl method). 10 c.c. killed 
the animal, Clots in right heart and all veins except portal. 

R. 29. Exp. repeated. 10 c.c. killed the animal; Clotting as in R. 28. 

R. 30. Nucleo-albumin from spleen (acetic acid method). 140 c.c. 
killed animal. Clots in all heart cavities, aorta, and large veins, portal 
excepted. 

R. 31. Thymus nucleo-albumin (NaOl method). 15 c.c. killed the 
_ animal, Clots in all heart cavities, and all large vessels, arteries and veins 
including portal, but excluding pulmonary vessels. 

R. 32. The same material purified by repeating the process with NaCl 
six times in succession. The solution in sodium carbonate as viscid as in 
that injected into R. 31. 250 c¢.c. caused no effect. The animal was then 
killed by asphyxia. No intravascular coagulation. 

R. 33. Another preparation of nucleo-albumin from thymus (NaCl 
method). Clots in all heart cavities, arteries and veins. 

R. 34. The same preparation purified as in experiment with R. 32, the 
process, however, was only repeated three times. Injection caused no effect ; 
subsequent injection of 20 c.c. of 0°5 °/, CaCl, killed the animal. No intra- 
vascular clotting. R. 36. Exp. repeated with another preparation. Same 
result. 

R. 35. “ Bile mucin” of ox. No intravascular clotting. 

R. 37. 9c. of 10°/, solution of Griibler’s peptone and then 50 c.c. of 
0°5°/, CaCl, injected. No intravascular clotting. Blood rather laky and 
clotted slowly when shed. 

R. 38. 10c.c. of 10°/, solution of Griibler’s peptone injected ; followed 
by 100 c.c. of 0°5 CaCl, solution injected slowly 5c¢.c. ata time. This killed 
the animal, No intravascular clotting. The blood was laky, clotted readily 
when shed. R. 39. Exp. repeated with the same results throughout except 
that the injection did not kill the animal. It was killed by asphyxia. 

R. 40, Thymus nucleo-albumin (NaCl method). 35..c. killed the animal. 
Clots on left side of heart and all the arteries. None in the veins. 

R. 41, 1le.c. of leech extract injected, and a sample of blood withdrawn 
from the carotid ; this clotted in 20 minutes. 25 c.c- of same nucleo-albumin 
solution as used for R. 40 then injected; this killed the animal; blood 
clotted immediately on withdrawal ; no intravascular coagulation. 

R. 42. Exp. repeated; 11 c.c. of leech extract followed by 35 c.c. of 
nucleo-albumin solution injected slowly 5 or 10c.c. ata time, Four samples 
of blood taken. i. After leech extract. Clotted in 25 minutes. ii. After 
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10¢.¢, nucleo-albumin solution. Clotted in 20 minutes. iii, After 25 c.c. 
nucleo-albumin solution. Clotted in 15 minutes. iv. After 35 c.c. nucleo- 


albumin solution. Clotted in 14 minutes. The animal then died. Clot in | 
- inferior vena cava. 


R. 43. 8c.c. of leech extract and then 50c.c. of 10°/, CaCl, injected 
10 c.c.-at a time. Samples of blood withdrawn, i. After leech extract. 
Clotted in 12 minutes. ii. After 10 cc. CaCl, solution. Clotted in 5 
minutes. iii. After 20 c.c. CaCl, solution. Clotted in } minute. The 
animal was killed by asphyxia. No intravascular coagulation, but the blood 
coagulated rapidly post mortem. 

R. 44. Same nucleo-albumin as used for R. 40, only purified by repetition 
of the process four times. A large dose produced no effect: injection of 110 c.c. 


of 0°5 °/, CaCl, solution also without effect. Animal killed by asphyxia. No 


intravascular coagulation. Blood rather laky and clotted soon after removal. 

R. 45. 10c.c. of Witte’s peptone (10°/, solution in salt solution); then 
20 c.c. of 0°5°/, CaCl, solution, which killed the animal. No intravascular 
clotting. Blood laky and coagulated slowly after removal. 

R. 46. Nucleo-albumin same as used for R, 40. Evaporated to dryness 
im vacuo. The powder dissolved in water and filtered; the solution so 
formed was viscid. 30c.c. killed the animal. Clots in right heart and all 
large veins except portal. 2 

R. 47. The same nucleo-albumin freed from lecithin by extraction with 
chloroform. The residue dissolved in water as before. Solution viscid. 
10 c.c. killed the animal. Clots in left heart and all arteries. 

R. 48. Witte’s peptone 10c.c. of 10°/, solution in salt solution fol- 
lowed by 20 c.c. of 1°/, CaCl; solution. Samples of blood taken at intervals 
from carotid. i. After peptone. Clotted in 14 minutes, ii. After 10c.c, 
CaCl, solution. Clotted in 1 minute. The animal died; no intravascular 


coagulation; but the blood clotted rapidly post mortem. 


R. 49. 82c.c. of 1°/, CaCl, run in gradually in small portions. Then 
12 c.c, of 10°/, of Witte’s peptone made as in all cases with salt solution. 
The animal died. No intravascular clotting. 

R. 50. Similar experiment. 27 c.c. of CaCl, solution followed by 14 cc. 
solution of Witte’s peptone; this solution had been kept for some days, 
smelt very bad and swarmed with bacteria. Clots in vene cavee, right 


heart and portal vein. 


R. 51. Similar experiment; only a fresh solution of peptone was em- 
ployed, 15 c.c. of which were injected after 65c.c. of the CaCl, solution. 
No intravascular clotting. Blood laky and clotted rapidly after death. 

R. 52 (Albino). Experiment on R. 50 repeated with the decomposed 
solution of peptone. No intravascular clotting. 

R. 53. Nucleo-albumin used the same as for R. 40. By this time it had 
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decomposed, and lost its activity. 50 c.c. killed the — but no intra- 
vascular clotting. 

R. 54. Exp. on R. 46 repeated. Similar result. 

R. 55. 55 cc. of 1°/, CaCl, solution injected, then 4 c.c. of a 0°5°/, 
solution of curare ; this killed the animal. No intravascular clotting. Blood 
laky and clotted quickly after death. R. 56. Similar Exp. Same result. 

R. 57. CaCl, solution followed by peptone as in experiments 48 and 49. 
No intravascular clotting. Blood laky and clotted readily. 

R. 58. 25 ¢.c. of a 1 °/, solution of urea, then 100 c.c. of 1°/, solution of 
CaCl,. No effect. Animal killed by asphyxia. No intravascular clotting. 
Blood laky and clotted readily. 

R. 59. Nucleo-albumin from kidney prepared by acetic acid method. 
11 c.c. killed the animal. Clots in right heart and subclavians. 

R. 60. 10 ¢.c. sodium urate dissolved in saline injected: no effect. Then 
100 cc. of 1°/, CaCl, solution. No effect. Then 10 c.c. of a solution of uric 
acid dissolved in dilute potash ; no effect. Finally 30 c.c. of a 0°4°/, solution 
of potassium oxalate in water. Samples of blood taken at intervals, i. Before 
the oxalate. Clotted in 1 minute. ii. After 10 c.c. of oxalate solution. 
Clotted in 17 minutes. iii. After 25 c.c. of oxalate solution. Clotted in 64 
minutes. Post mortem, no intravascular coagulation, _ 

-_-R. 61. The milky water used in the washing of nucleo-albumin by the 
NaCl method was injected. 150 c.c. produced no result. Animal killed by | 
asphyxia. Blood laky, but no intravascular clotting. 

R. 62. Thymus nucleo-albumin (NaCl). The solution had been kept 
and decomposition had commenced, 50 c.c. injected, the vagi had been 
previously divided. No intravascular clotting. 

R. 63. 20 c.c. of 0:4°/, potassium oxalate injected, and samples of 
carotid blood removed at intervals. 

i. Before injection. : Blood clotted in 14 minutes. 
ii. After injection of 3 c.c. 


iii. ” 6 ” ” 29 ” 
iv. ” 9 2 ” 29 ” 
Vv. ” 12 ” ” 28 ” 
Vi. ” 20 ” ” 6 ” 


The last sample was taken as the animal was dying and touched the 

muscles as it was being collected. No doubt the admixture with the tissue 
juices caused the acceleration noted. 
BR. 64. Nucleo-albumin from thymus (NaCl method), Solution very 
viscid. Animal killed by asphyxia after the injection of 50 c.c. of solution. 
No intravascular clotting. Blood laky and clotted quickly. 

R. 65. Thymus nucleo-albumin (NaCl method); another preparation 
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35 c.c, killed animal. Firm clots in all vessels, arteries and veins, including 
pulmonary vessels and portal vein. 

R. 66, 67, 68, 70 (albinos); same solution used two or three hours later in 
case of 66, 67, and 68; about 24 hours later in case of 70. Large doses" 
required to cause death. The symptoms produced the same as in typical 
cases, but no intravascular clotting formed at the post-mortem. 

R. 71. Same preparation of nucleo-albumin used. Both vagicut. 70 .c. 
killed the animal. Same result as in Rabbit 65 except that the pulmonary 
vessels contained no clot. 

R. 69. 50 cc. of 2 per cent. sodium carbonate solution run in, and 
samples of blood examined by hemocytometer (see later). Then 0 4°], 
potassium oxalate injected, and samples of carotid blood collected at intervals. 

i. Before the potassium annie, Blood clotted in 4 min. 
ii, After ,, 


” 7 ” 


iti. » 10 | ” ” ” ” 16 ,, 
iv. ” ” ” ” | 
Vv. ” 25 12 9 


R. 72. from acid method). This was 
purified by dissolving in dilute (2°/,) sodium carbonate, and reprecipitating by 
acetic acid. The process was repeated three times. 45 c.c. of the final 
solution run in ; this killed the animal. No intravascular coagulation. Blood 


and clotted slowly. 


R. 73. 1°/, CaCl, solution injected and samples of blood examined by 
hemocytometer (see Exp. 5, Series C). 

R. 74. Some of the nucleo-albumin solution used in R. 65—71 had 
been evaporated to dryness in vacuo. The powder dissolved in water and 
filtered. 30 c.c. of the filtrate killed the animal. Small clots in inferior 
vena cava, left subclavian and portal vein. This experiment was performed 
14 days after that in which rabbit 65 was used. 

R. 74a. Thymus nucleo-albumin (NaCl method) 40 c.c. caused death. 
Clots in right heart and large veins. ; 

R. 746. The same solution after being kept 24 hours, 100 cc. caused 
death with the same result. 

R. 74c. The same solution after being kept 30 hours. Over 200 e.c. 
necessary to cause death. Clots found in all heart cavities, veins and arteries. 
This experiment was performed at a meeting of the Physiological Society, 
March 1893. 3 

R. 75. The same solution as used in the experiment on Rabbit 74, kept 
for 5 months, thymol having been added to prevent decomposition; the fluid 
has become red in colour. 50 c.c. killed the animal. No intravascular clot- 
ting. R. 76. Exp. repeated. Same result, 
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R. 77. Nucleo-albumin from thymus (NaCl method). 38 c.c. killed the 
animal, Clots in right heart and upper end of inferior vena cava. 7 

R. 78. Another preparation of the same. 65 c.c. killed the animal. 
Clots in right heart, inferior vena cava, subclavian and jugular veins. 

R. 79. The same, only purified by repetition of the process three times. 
35 c.c. killed the animal. Small and soft clots in right heart and inferior cava. 

R. 80. Another preparation of the same. 90 c.c. caused death. Clots 

in right heart, inferior vena cava and subclavian veins. 
| R. 81. The same purified by the repetition of the process three times. — 
130 c.c. had no effect. The animal was then killed by asphyxia. No intra- 
vascular clotting, but the blood clotted quickly after being shed. 

R. 82. Another PCC of the same caused no intravascular clotting. 
115 c.c. used. 

R. 83. The same after purification, the process being repeated 3 times. 
90 c.c. killed the animal. Clots in right heart, and superior and inferior 
cave, 

R. 84. Another preparation of the same. 135 c.c. injected. No intra- 
vascular clotting. 

R85. The same purified by repetition of the process four times. 115 
c.c. injected. No intravascular coagulation. 

R. 86, 87, 88, 89, 90. Exp. with thyroid pucleo-albumin. These cor- 
respond to Exp. 2, 3, 4, 5 and 6 described in Dr Gourlay’s paper in this 
Journal (Vol. xv1., p. 26). They show that the substance prepared by both 
methods causes intravascular coagulation. In R 89 the vagi were divided. 

R. 91. Nucleo-albumin from thymus (acetic acid method). 71 cc. 
injected. The animal was then killed by asphyxia. No intravascular 
coagulation. 

R. 92. Fresh sheep’s thymus finely divided and extracted. with al 
sodium carbonate solution, and filtered. Filtrate clear, viscid and colourless. 
152 c.c. injected without effect. The animal was then killed by asphyxia. 
No intravascular clotting. 

R. 93. Same thymus ground up with sand, and extracted with water.for 
24 hours. Aqueous extract precipitated with acetic acid. The precipitate 
an hour afterwards was dissolved in 1°/, sodium carbonate and _ filtered. 
Solution viscid and opalescent. 6 c.c. injected ; this killed the animal, Clots 
in right heart, both subclavian veins, inferior cava and portal. 

R. 94. Exp. on R. 92 repeated with another thymus. Same negative 
results. 

R, 95. The solution used with R. 94 was precipitated with acetic acid. 
_ This precipitate was collected, dissolved in 1°/, sodium carbonate and filtered. 
115 c.c. of the filtrate were slowly injected, which killed the animal. Clots in 
right heart, inferior cava and portal vein. 
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R. 96 and 97. Same solution injected as used with R. 93 with the same 


' result. 96 required 20 c.c, and 97 50 c.c. to kill it. 97 was a very large 


animal and had both vagi divided. 

R. 98. Same solution reprecipitated with acetic acid; the precipitate 
was dissolved in 1°/, sodium carbonate and the process repeated four times. 
40 c.c. of the final solution killed the animal. Clotting as in R. 93. 

- R. 99. Same solution reprecipitated and redissolved six times. 100 c.c. 
injected into a small animal without effect. No intravascular clotting. 

R. 100. Calf’s thymus rubbed up with sand and extracted with 1°/, 
sodium carbonate solution. 6 c.c. of this solution caused death. Clots in 
right heart, pulmonary artery, subclavian veins, inferior cava, and portal 
vein, 

BR. 101. Larger animal; repeated with same result. 70 c.c. necessary to 
cause death. 

R. 102. The protagon from an active preparation (obtained by washing 
it with hot alcohol, and allowing the protagon to crystallise out) rubbed up 
with 1°/, sodium carbonate solution and filtered. 100 cc. of the filtrate 
injected without effect. Then the protagon was rubbed up with the inactive 
solution used in R. 99; this was filtered; 100 c.c. injected also without 
effect. R. 103. The last part of exp. repeated with the same result. 

R. 104. Thymus nucleo-albumin (NaCl method) purified by repetition of 
the process six times. 100 c.c. of solution caused no effect; 28 c.c. of the 
same solution rubbed up with the protagon, and not filtered then was injected 


with a fatal result. Clots found in both sides of heart: these contained 


abundant particles of the protagon. R.105. The last part of exp. repeated, 
except that filtration was performed. 70 c.c. injected without effect. 

R. 106. Fresh calf’s thymus supplied within 12 hours of death. Chopped 
up finely and extracted with 1°/, sodium carbonate solution, and filtered three 
hours later. 100 c.c. of this solution caused no effect. The animal was killed 
by asphyxia. No intravascular clotting. | 

R. 107. Another part of the same thymus had stood for an hour under 
0:5°/, acetic acid (Preparation A); a third part of the thymus had stood 
under the acid for 34 hours (Preparation B). 80 c.c. of the sodium carbonate 
extract of A injected without effect. 88c.c. of the sodium carbonate extract 
of B was then injected and killed the animal. Clots in right heart, 
pulmonary artery and inferior vena cava. 

R. 108. The portion of fresh thymus used for R. 106 was again extracted 
with more 1°/, sodium carbonate solution; this was allowed to remain in 
contact with the gland for 23 hours, and was then filtered. 34 c.c. of this 
filtrate killed the animal. Clots in right heart, pulmonary artery, subclavian 
veins, inferior vena cava and azygos vein. 

R. 109. Another portion of the same thymus chopped and kept under 
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0°5°/, acetic acid for 23 hours ; then an extract was made with 1°/, sodium 
carbonate solution and filtered. 83 c.c. killed the animal, but caused no ~ 
intravascular coagulation. 

R. 110. Another portion of the thymus chopped up and allowed to stand 
for 23 hours. It was then acid to litmus. It was then extracted with 
sodium carbonate (1°/,) and the extract was very viscid. 116 c.c. killed the 
animal but did not produce intravascular clotting. 

R. 111 and 112. The powder used in experiment on R. 74 after being 
kept in a stoppered bottle for 14 months was dissolved in water and 
injected. Large doses killed the animals but produced no intravascular 
coagulation. 

Dog. The solution used in experiment on R. 104 which pained no 
intravascular coagulation in that animal was injected into a dog to see if 
it produced Wooldridge’s ‘negative phase.’ Samples of blood collected 
from the carotid at intervals during and after the injection clotted in almost 
exactly the same time, as a sample withdrawn before the injection was 
commenced. There was no intravascular coagulation. 


Experiments. Series B. 


The blood of normal rabbits, and also of those into which nucleo-albumin 
and other substances had been injected was tested for proteose and peptone 
by two methods; (1) Devoto’s modification of the ammonium sulphate 
method. The blood was saturated and boiled with ammonium sulphate and 
then filtered. The filtrate would contain peptone if any were present: the 
residue on the filter was then extracted with hot water, which would dissolve 
out proteoses if any were present. (2) The trichloracetic acid method ; this 
consists in mixing the blood with an equal volume of 10°/, solution of 
trichloracetic acid and filtering. The filtrate would contain. proteoses and 
peptone if any were present. The tests used for proteoses were (a) biuret 
reaction, (b) precipitate with nitric acid disappearing with heat, and reappear- 
ing when the solution cools. The test used for popeme was the biuret 
reaction. 

In some cases the urine was tested in the same way. 

The specimens examined were the following ; some of these were ins the 
same animals used in series A of experiments. 

Exp. 1, 3, 10. Normal blood. No proteoses or peptone. 

Exp. 15, 16. Normal blood and urine. No proteoses or peptone. 

Exp. 2. After injection of thymus nucleo-albumin which produced exten- 
sive destruction of leucocytes but no intravascular clotting. No proteose or 
peptone in blood. 
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Exp. 4. After injection of 15 c.c. of a 10°/, solution of Witte’s peptone. 
About 25 c.c. of blood withdrawn which gave the tests for both proteose and 
peptone. 

Exp. 5. After injection of nucleo-albumin from thymus (R. 40 series A) 
which produced intravascular coagulation. Blood contained neither proteoses 
nor peptone. 

Exp. 6. After injection of myosin which produced no intravascular 
clotting. Blood contained neither proteoses nor peptone. 

Exp. 7. After nucleo-albumin injection which had been purified by repeti- 
tion of the NaCl process three times and which produced no intravascular 
clotting even though CaCl, was injected also. Blood contained neither 
proteoses nor peptone. 

Exp. 8, 9. After peptone + CaCl,. Blood contained both proteose and 
peptone. 

Exp. 12. (R. 55, series A). Blood tested after the injection of CaCl,, 
and then after the subsequent injection of curare. In both cases there was a 
questionable biuret reaction after the use of the trichloracetic method, but none 
by Devoto’s method. 

Exp. 13. (R. 56, series A). Exp. 12 repeated. Blood contained n° 
proteose or peptone. 

Exp. 14. After injection of urea. 

Exp. 15. After injection of urea + CaCl,. 

Exp. 16. After injection of kidney nucleo-albumin prepared sit acetic 
acid method. (R. 59, series A.) 

Exp. 17. After thymus nucleo-albumin. (R 65, series A.) 

Exp. 18. Experiment repeated. (R. 71, series A.) 

Exp. 19. After CaCl, (100 c.c. of 1 °/, solution). 

Exp. 20. After injection of uric acid. 

Exp. 21. After nucleo-albumin which produced slight intravascular 
coagulation. 

Exp. 22. After nucleo-albumin which produced no intravascular clotting. 

In experiments 14 to 22 the blood and in experiments 16 to 22 the urine 
were examined for proteose and peptone with entirely negative results. 


Experiments. Series C. 
These experiments relate to the effect of various agents on the destruction 


of red and white corpuscles. Some were performed on human blood, the 
reagent being added under the cover glass. In other cases rabbits were used, 


and the corpuscles counted before and after injection. The Zeiss instrument 
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was employed, The red corpuscles were counted on the squares and an 
average taken. The white corpuscles were counted on whole fields, the red 
having been dissolved by receiving the blood in all cases from the rabbit’s ear 
into a mixture of equal parts of salt solution and 1°/, acetic acid. The 
experiments here recorded are — of a larger number which all gave 
corresponding results. 

Exp. 1. Rabbit. The edieles both red and white were counted 
before and after the injection of a solution of nucleo-albumin prepared from 
the thymus by the NaCl method which had been kept for some days and 
which did not produce intravascular clotting. At the post-mortem the blood 
was found to be somewhat laky, as is usually the case. 

Before injection of 20 c.c. the proportion of white to red corpuscles was 1 
to 280. After injection, there was a slight diminution in the number of the 
red corpuscles. If the normal number of red corpuscles is called 100 ; after 
injection it was 955. The diminution in the number of white corpuscles was 
much greater ; there being a loss of 90°/,. 

After the injection of a second dose of 20 c.c. the number of the red had 
dropped to 88, and the white had practically disappeared, only one being 
found in the 13 fields examined. After the injection abundance of blood 
platelets or small granules looking like platelets (1 débris of leucocytes) were 
very abundant. 

Exp. 2. Injection of 10 c.c. of a 5°/, solution of Witte’s peptone into 
the circulation of a rabbit. The white corpuscles had almost entirely dis- 
a 

Exp. 3. Injection of sodium carbonate 2 per cent. into the circulation of 
a rabbit. This had uo effect on the number of red corpuscles ; but in the 
white it led to a great drop in their number. | 

The normal blood contained 17 white corpuscles on 20 fields; the blood 
after the injection of 10 c.c. of the sodium carbonate, contained 23 on the 
same number of fields. After 20 c.c. the number was 3, after 50 c.c. it was 4. 
In this experiment small granules looking like blood platelets or débris of 
white corpuscles were very abundant after the injection. 

Exp. 4. 1 per cent. solution of potassium oxalate dissolved in water 
injected, This led to a slight decrease both in white and red corpuscles. 

This diminution is partly due to the dilution of the blood by the fluid 
injected, and partly to the fact that an aqueous injection of the oxalate was 
used. Subsequent experiments in which the oxalate was dissolved in saline 
solution showed only such a slight diminution in both red and white cor- 
puscles as would be explained by dilution alone. 

Exp. 5. (R. 73 in series A:) Injection of 1°/, solution of CaCl, ; this 
led to a decrease in both red and white corpuscles. 
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Average number of red Proportion of white to 
uscles, 


per square. red corp 
Before injection _ 14-2 1 to 625 
After injection of 22 c.c. 13°4 1 to 603 
Ns 50 ,, 13°1 1 to 887 
94 ,, 11:1 1 to 1383. 


Exp. 6. These were made with human blood, the fluids being run under 
the cover glass. 

a. Solution of 2 °/, sodium carbonate. 

b. Solution of thymus nucleo-albumin in 2°/, sodium carbonate which 
caused in rabbits intravascular clotting. 

c. Solution of thymus nucleo-albumin which had been purified by 
repetition of the sodium chloride process three times; this did not cause 
intravascular coagulation in rabbits. 

d. A similar purified and inactive preparation. | 

a. This caused the red corpuscles to become round and ioe smaller. 
The white also became round, but 20 minutes later had undergone no further 


b. This caused an immediate action on the white corpuscles, which were 
broken up into tiny granules. The red corpuscles became rather irregular in 
shape but no further change was noticed. — 

e and d produced the same result as 5. Several ssiuniiatiens of each 
were made, In those made with c and d a few white corpuscles were left at 
the end of 20 minutes; but in those made with 5 not a single one was 
discoverable. 

Exp. 7. A similar series to the last. 

a. Sodium carbonate solution (2°/,). The red corpuscles became round 
and somewhat smaller. In many of the white there was'little or no change, 
but some were broken up into adherent masses of granules like blood platelets. 

6. Solution of thymus nucleo-albumin in dilute sodium carbonate, Same 
result as in experiment 6. 

c. 5°/, solution of Witte’s peptone in salt solution. Red corpuscles 
crenated ; white corpuscles unchanged. __ 

d. 1°/, solution of CaCl,. Red corpuscles slightly swollen. White 
corpuscles broken up into débris; a few coarsely granular ones remained 

e. 0°4°/, solution of potassium oxalate in water. Dissolves out some of | 
the pigment from the red corpuscles ; otherwise no change noticed. 

J. 0-4°/, solution of potassium oxalate in saline solution (0°65 °/,). Red 
corpuscles crenated. White not affected and show ameeboid movements. 

Exp. 8. The effect of various solutions on ciliary movement was studied: 

‘the cilia used being those on the gills of the fresh-water mussel. 
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_ @ 2 per cent. solution of sodium carbonate. Effect slightly stimulating. 

b. 1 per cent. solution of calcium chloride. Movement slowed but did 
not stop.. 

c. Solution of nucleo-albumin which caused intravascular clotting in 
rabbits. No effect. 

d. Solution of another preparation of nucleo-albumin which did not 
produce intravascular clotting in rabbits. No effect. 

e. 0°4°/, solution of potassium oxalate. No effect. 

f. 5°/, solution of Witte’s peptone. No effect. 


[The expenses of this research have been defrayed by grants from the 
Government Grant Committee of the Royal Society. | 


July 2, 1894. 
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THE PROTEIDS OF RED MARROW. By Surgeon-Captain — 
J. R. FORREST, AMS., Malta. 


(From the Physiological Laboratory, King’s College, London.) 


THE following is an account of a research, which I have carried out 
under the superintendence of Prof. Halliburton, whose kindness and 
help I gratefully acknowledge. In his Goulstonian lectures’, Prof. 
Halliburton makes the following statement: ‘Seeing that substances 
which produce coagulation can be obtained from cells as diverse as 
those in the thymus, brain, liver, testis, and kidney, it seems very 
probable that both kinds of leucocytes in the blood may give rise to 
similar materials. Both consist of protoplasm, and the main proteid 
constituent obtainable from protoplasm is nucleo-albumin.” 

The actual chemical investigation of the leucocytes is well-nigh 
impossible by macro-chemical methods. We have however in the 
thymus and lymphatic glands large collections of non-eosinophile cells, 
and these yield nucleo-albumin active in producing intravascular 
coagulation*. In the red marrow we have a collection of cells which are 
mostly eosinophile, and Prof. Sherrington* has recently shown that the 
eosinophile granules give microchemically the reaction for phosphorus 
introduced by Lilienfeld and Monti‘. The suggestion that the 
proteids of red marrow should be a subject for research came originally 
from Prof. Sherrington. 

The methods employed are those aiready fully given in several 
papers that have issued from this laboratory’, and it will therefore be 
unnecessary to describe them fully. 


1 British Medical Journal, March 26, 1893, | 

2 Halliburton and Brodie. This Journal, xvu. p. 135. 

3 Proc. Roy. Soc. tv. p. 161, 1894, 

4 Zeit. physiol, Chem. xvit. p. 410, 1893. 

5-Halliburton and Brodie, loc. cit.; Halliburton, “ Proteids of Liver and Kidney.” 
"This Journal, x11. p. 806, 1892 ; Whitfield, ibid, xv1. p. 487, 1894. 
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The red marrow used was obtained from (1) interior of the rabbit's 
femur and (2) the spongy bone of the ribs of the horse. The latter fur- 
nished a large supply of material which is needful for some experiments ; 
but the results in both cases were the same. 

The following are the results obtained :— 

1. Proteose (albumose) and peptone are absent. The methods 
employed were Devoto’s modification of the ammonium sulphate 
method, and the trichloracetic acid method. 

2. Albumin is obtainable in the merest traces, and is coagulated by 
a temperature of 70°—75°. 

3. The two proteids which are obtainable in quantity in a saline 
extract are one which is coagulated at 47°—50°, and another at 60°—65°. 
(There is also oxyhzmoglobin which can be detected spectroscopically.) 

4. The former of these two proteids is a globulin; it contains 
practically no phosphorus in its molecule. 

5. The second differs from the first not only in its coagulation 
temperature, but contains phosphorus in its molecule. It in fact gives 
all the tests characteristic of a nucleo-albumin. 

6. The nucleo-albumin of red marrow can be prepared in quantity 
either by Wooldridge’s acetic acid method, or Halliburton’s sodium 
chloride method. 


7. It resembles other nucleo-albumins in producing intravascular 


clotting when injected into the circulation of living rabbits. 


8. The research is incomplete in that phosphorus estimations are 
wanting. Qualitatively I proved the presence of this element, but the 
shortness of the time at my disposal prevented me from following these 
up with quantitative experiments. 

9. Fora similar reason, I have only been able to prepare material 
for three injection experiments. The rabbits were anesthetised with 
ether, and the operations were kindly performed for me by Dr Brodie. 
So far as they go they support conclusion No. 7. 


In the first of these experiments I only had a small supply of material 
prepared from rabbit’s femora. It was prepared partly by Wooldridge’s, 
partly by Halliburton’s method, and dissolved in 1°/, sodium carbonate 
solution. 60¢.c, were injected without producing death. The animal was 
killed by asphyxia and the blood though not clotted was extremely viscid and 


clotted with great rapidity on removal. 


In the second, a large supply was obtained by Halliburton’s method 
from a horse’s ribs; this was dissolved as before, and the solution was 


extremely viscid. 38 c.c, killed the animal, and clots were found in subclavian 
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ie : veins, vena porte, inferior vena cava, right auricle and ventricle, pulmonary 


artery and aorta, 

The third experiment supports the contention of Halliburton and 
Brodie that the nucleo-albumin is preceded in the cells by something 
analogous to a zymogen. Another portion of the same marrow was crushed 
with sand and then extracted with 1°/, sodium carbonate solution. The 
extract was extremely viscid, and 22 c.c. killed the animal, but post-mortem 
no intravascular coagulation was found. 


10. The general conclusion to be drawn is that the proteids of 
red marrow are similar to those obtained from other richly cellular 


structures. 
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THE CONSTITUENTS OF THE HYPOGASTRIC NERVES. 
By J. N. LANGLEY, F.RS., Fellow of Trinity College, anv 
H. K. ANDERSON, M.A., Caius College, Cambridge. 


In the course of our observations upon reflex action from sympathetic 
ganglia’ we had occasion to cut in the cat, at times one of the 
hypogastric nerves, at times some of the nerves connected with them, 
and to observe the physiological results of the sections after sufficient 
time had elapsed for the cut fibres to degenerate. The physiological 
results we have already given (op. cit.). We give here the histological 
results. These obviously afford a means of testing our conclusions with 
regard to the course and nature of the nerve-fibres which bring about 
the sympathetic reflexes. 

The chief point which concerned us was the relative number of 
normal and of degenerated medullated fibres in the hypogastric in 
various conditions. To render the medullated fibres distinct, the nerves 
were treated in the usual way with osmic acid 5 to 1 p.c. We have 
generally placed the nerves, fastened at the ends to keep them straight, 
in 1 p.c. osmic acid for about 16 hours, and then washed them for 
several hours in a stream of water. After this treatment, pieces of the 
nerves, about 3 mm, in length, may be teased out at once in glycerine, 
but the connective tissue is apt to be a little sticky, and it is better to 
place them for a day in 70 p.c. alcohol before teasing. Further delay is 
not advisable, for in alcohol the non-medullated fibres soon take a 
brownish tinge which makes it extremely difficult to distinguish the 
finer medullated fibres; moreover, the fibres gradually become brittle. 
When delay is unavoidable, it is best, so far as our experience goes, to 
preserve the nerves in a mixture of equal parts of absolute alcohol and 


1 This Journal, xvt. 410, 1894. 
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glycerine ; in this, the non-medullated fibres take a yellowish tint. In 
order to count the fibres, the piece of nerve taken, should be separated 
into the finest possible filaments, for many of the fibres have so scanty 
a coat of medulla that they are easily overlooked. The counting is 
perhaps best done under the full light of the condenser, the diaphragm 
being removed. 

The enumeration of medullated fibres in a normal nerve is much 
easier in a transverse section than in a teased specimen, but this method 
was rarely applicable to our cases. Often we had stimulated the nerves 
we examined ; this, and the inevitable slight soaking in blood, tend to 
make the smaller nerve-fibres varicose. And as a rule the nerves 
contained degenerating as well as normal fibres; in a cross section many 
degenerating fibres escape notice, and some have the appearance of 
normal fibres. 

In teased specimens, a difficulty in enumerating the normal and 
degenerated fibres arises from the different rates at which the medulla 
breaks up in the different fibres, In five days, some fibres still show 
considerable stretches of unbroken medulla. In ten days, when the 
medulla of all the fibres has been broken up, a considerable number of 
the small fibres show a few droplets only of myelin, and it is to be 
presumed that the fatty staining constituent has completely disappeared 
from others. For this reason, and because we were not always able to 
tease out the nerves at once, we regard many of the enumerations we 
give as approximate only, but in view of the variations which occur in 
individual animals, we do not think that this affects our general 
conclusions. We may point out that all our observations have been 
made on the cat. ) 

Constituents of the normal hypogastric nerves. The greater 
part of the hypogastric consists of non-medullated fibres. These run in 
broadish bands, but the bands are easily teased into minute fibrils. 
Occasionally on the course of the undivided hypogastric, and most 
frequently near the inferior mesenteric ganglion, there are a few nerve 


cells. The number of medullated fibres varies considerably in different 


animals; and it is usually, at any rate, not the same in the two 
hypogastrics. We have mentioned earlier (op. cit.), that the right 
hypogastric is commonly though not always larger than the left ; and 
in most of our cases the medullated fibres were more numerous in the 
right than in the left hypogastric. We give in the following Table the 
numbers we have found. , 
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No. 1. Medium size 6. 2 


adult female 5p 2 2 
1:3 to 4 562 393 
566 396 
No. 10. Medium size — Op 1 0 
adult female about 7p 2 
about 4u. 73 
1:3 to 577 365 
| | 654 404 
No. 2. Large about 6y 1 1 
- adultfemale to 4p 911 737 
| 912 738 
No. 11. 1 
adult female to 4y 917 
| 918 


In No. 6 the fibres in the right hypogastric were counted, but less care- 
fully, there were about 470, of which 1 was large. 


We have compared under the microscope the general appearance of 
these nerves with that of others, and we think that No. 1 represents 


nearly the minimum number of medullated fibres in the hypogastrics, 
and that No. 2 represents about the maximum number, that is, we take 
350 to be about the minimum number of medullated fibres normally 
present in either hypogastric and 900 to be about the maximum 
number. In the two hypogastrics taken together, the number varies 
from about 950 to about 1650. 

There are one or two points to be noticed with regard to the 
character and size of the medullated fibres. There are a considerable 
number of very small fibres, about 1°3 to 15u in diameter, and with 
very inconspicuous medulla. These are smaller than most of the fibres 
of the cervical sympathetic or of the nervus erigens. There are a 
certain number of larger fibres, but in which the medulla takes a very 
faint tinge with osmic acid. Numerous fibres of all sizes from 1°5 to 
3°54 are present; and there are a not inconsiderable number from 3:5 
to about 4; the latter fibres differ strikingly in appearance from the 
smallest fibres, but we are doubtful whether they should be classed with 
the rather larger fibres of about 54 in diameter (medium sized sympa- 
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thetic fibres), or with the rather smaller ones of about 34. The medium 
sized fibres (about 5) are few, and variable in number. The large 
sympathetic fibres (about 8) are not infrequently absent, but 
sometimes one and:sometimes two occur. The absence of such fibres 
is important since it helps to show that some fibres of less diameter are 
afferent sensory fibres. The hypogastric is very generally credited with 
possessing sensory fibres which give rise to pain. In all the cases in 
which we tested the matter, we found that stimulation of the central 
end of the hypogastric was capable of giving rise to body reflexes, like 
those which in unanesthetized animals are accompanied by pain. We 
conclude then that the large medullated fibres of the sympathetic are 
not the only afferent fibres which are sensory; a conclusion which has 
already been urged by one of us’. In the cat, the large sympathetic 
fibres run chiefly, and perhaps entirely to the Pacinian bodies in the 
mesentery ; that these also are sensory is probable on various grounds ; 
thus we may mention that there is much more pronounced reflex body- 
movement on stimulating the spinal branches to the inferior mesenteric — 
ganglion, which contain these large fibres, than on stimulating the © 
hypogastrics or other strands running from the ganglion and which 
contain few or no large fibres. 

Ascending fibres from sacral nerves. We have one case only 
(No. 3) in which all the spinal nerves giving branches to the nervus 
erigens, were severed. In this, the lower part of the spinal cord and 
the cauda equina were removed, the roots of the vith and vith lumbar 
nerves being cut, the sacral nerves being severed peripherally of the 
posterior root ganglia. The animal was killed after 9 days. The pelvic 
plexus and the hypogastric nerve ‘on the left side were examined. In 
the nervus erigens all the fibres were apparently degenerated, but there 
were 9 very small fibres, with indistinct medulla, which may possibly 
have been sound. From the nervus erigens degenerated fibres could be 
readily followed over the whole plexus and into the bladder, the prostate 
and other organs. The hypogastric at its lower end, divided into three 
strands joining the pelvic plexus. About four millimetres below the 
point of division these strands contained 58 degenerated fibres 
(134+36+49). Just above the point of division of the hypogastric, 
there were four to five dozen degenerated fibres, some of which could be 
seen to turn round and take a recurrent course. Above this spot the 
number of degenerated fibres rapidly diminished; thus about one 


1 Langley. Phil. Trans. 1892, B, p. 122. 


, 
| | 
on 
ant 
i 
| | | 
4 
| | 
ae 
La 
4 
4 
ae 
ig 
He 
| 
in | 
if) 
in 
‘ 
4 


we 


THE HYPOGASTRIC NERVES. 181 


centimetre higher up, there were 2 degenerated fibres only, both 
small, 

In another case (No. 4), the vith, the vitth lumbar and the Ist 
sacral roots were cut on the right side. Thirteen days were given for 
degeneration. The lumbo-sacral plexus was anterior. The right 
nervus erigens contained a fair number of degenerated fibres, although 
the great majority were normal. No degenerated fibres were found in 
either hypogastric. 

. So far, then, we may conclude: 

(a) . that the sacral nerves may send to the hypogastric of the same 
side 2 or 3 fibres which ascend 1 in the nerve for at least two-thirds of its 
course. 

(b) that Kishen these the sacral nerves send to the lower part of 
the hypogastric some fibres—it may be about two dozen—which curl 
backwards and run to the bladder and other viscera. 

(c) that the nervus erigens receives few if any fibres from the 
sacral sympathetic. 

Further evidence on all these points will be given later. 

Ascending fibres from the lower part of sympathetic. In 
order to investigate whether there are such fibres, the lumbar sympa- 
thetic is cut below the point where the lowermost spinal branch passes 


off to the inferior mesenteric ganglion. This may vary from the vth 


to a little below the vith lumbar ganglion. 

In No. 5 the sympathetic trunk was cut on both sides between the 
vith and viith lumbar ganglia, and six days left for — No 
degenerated fibres were found in either hypogastric. 

In No. 11 the vith and vith lumbar ganglia were extirpated on the 
left side; no degenerated fibres were found either in the left nervus 

erigens or in the left hypogastric. ares 

In these cases then, the lumbar aymipsthetio scabibiil no me- 
dullated fibres destined for the pelvic plexus or hypogastric nerves. 
And probably no such fibres exist in other animals. 

The nearer the point of section of the sympathetic is to the vth 
lumbar ganglion, the greater is the chance of cutting one or more of the 
spinal branches to the inferior mesenteric ganglion, as they pass through 
the sympathetic. Thus in Exp. No. 12, the left sympathetic trunk was 
cut between the vth and vith lumbar ganglia, and in exposing the vth 
ganglion a spinal branch in the mesentery was unintentionally severed. 
Here the majority of the fibres of the left hypogastric were degenerated, 
and about 30 of the right (cp. Appendix). 
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_ Effects of section of one hypogastric nerve. (a) Central End. 
We have four cases of section of the hypogastric, unaccompanied by any 
other lesion. At the cut end there was sometimes slight traumatic 
degeneration, on this account we took for examination a piece of nerve 
- distant half a centimetre at least from the cut end. In three cases we 
found no degeneration in the central end of the hypogastric. In one 
there were four small degenerated fibres. In another case (No. 10) in 
which the nerve was tied instead of being cut, the whole of the central — 
end of the nerve (about a quarter of an inch) had undergone traumatic 
degeneration, there were no sound fibres and scarcely any remains of 
medulla. | | 

Section of the hypogastric would cause in the central end of the 
nerve, degeneration of fibres ascending in it from either the sacral 
nerves or from the lower part of the sympathetic. These then may 
vary from 0 to 4. As we have seen no reason to believe that there are 
any such sympathetic fibres, we take the ascending fibres when they 
occur to arise from the nervus erigens. 

(6) Peripheral End. Section of the hypogastric causes almost 
complete degeneration of the fibres in its peripheral end. In the 
following table we give the number of sound fibres found a short 
distance below the place of section. 


Exp. 7) 11/12; 8 9 | 19] 13; 15 | 14 


No. of sound fibres |12 


In accordance with the results previously given, we consider the 
sound fibres here to be fibres arising from the sacral nerves. The’ 
difference in the number found in the several cases is due partly to 
slight variation in the number of such fibres entering the hypogastric, 
and partly to a variation of the region of the hypogastric taken for 
examination. Just as after section of the sacral nerves the number of 
degenerated fibres diminishes in ascending the hypogastric, so after 
section of the hypogastric the number of sound fibres increases in 
descending the hypogastric. 

The sound fibres were in all cases less than 4, and as a rule they 
were 2°5 to 3y. 

(c) Opposite Hypogastric. No degenerated fibres were found in the 
hypogastric on the side opposite to that cut in Nos. 6,7 and 9. But in 
No. 10, although the right hypogastric was cut more than an inch from 
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the ganglion, the left hypogastric contained 2 degenerated fibres. It is 
possible that these were sacral fibres, ascending by the right hypogastric 
and descending by the left, but we think it more likely that their 
presence was independent of the section, and that they represent the 
fibres with fragmented medulla, which, according to S. Mayer, are 
sometimes to be found in peripheral nerves. In the case (No. 8) in 
which ligature of the nerve had caused traumatic degeneration up to 
the ganglion, there were 1 to 2 dozen small degenerated fibres in the 
opposite hypogastric, this was no doubt due to the traumatic degenera- 
tion affecting some of the nerve fibres which decussate (cp. p. 186) in the 
inferior mesenteric ganglion. | | 

(d) Non-medullated fibres. The absence of medulla makes an 
important difference in the appearances which accompany degeneration 
in nerve fibres. The non-medullated fibres show no striking evidences 
of degeneration. The fibres in the peripheral end of the cut nerve 
seem simply to dwindle, occasionally they became finely granular, but 
commonly we have not found this. In teased specimens they break up 
into very delicate elongated spindle shaped filaments; in transverse 
sections, even after ten days of degeneration, they differ very little from 
normal fibres. 

(e) Stimulation of the cut peripheral end. The effect of section of 

_ the hypogastric upon the functional activity of its peripheral end, might 
have been given appropriately in the earlier Paper, but, since this effect 
requires the histological observations to explain it, we thought it best to 
give the two together. Stimulation of the peripheral end of a hypo- 
gastric nerve which has been cut for five or more days has in most 
cases no effect. Once we observed a slight contraction of the bladder, 
in this case a small ganglion was found a little below the point where 
the nerve was cut; the survival of function was no doubt due to the 
fibres proceeding from the nerve-cells of the ganglion. In stimulating 
the peripheral end of the hypogastric, care must be taken that the 
electrodes are not placed too near the region where its branches are 
joined: by fibres from the nervus erigens. This is unavoidable, if the 
hypogastric be cut originally at some distance from the inferior 
mesenteric ganglion ; in such a case, stimulation of the peripheral end 
of the hypogastric will cause more or less pronounced contraction of the 
bladder. 

Section of the spinal branches of the inferior mesenteric 
ganglion. This lesion causes degeneration of all save a few fibres in 
both of the hypogastric nerves, Still those that remain are distinctly 
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more in number than those which degenerate in the central end of the 
hypogastric after it has been cut. The excess may represent fibres 
which escaped section—for example by running in the sheath of the 
inferior mesenteric artery—or it may be due to fibres which become 
medullated after leaving the nerve-cells of the inferior mesenteric 
ganglion. In the following Table we give the number of sound fibres in 
the hypogastrics near the ganglion, after severance of the connections of 
the ganglion with the spinal cord. In all these cases one hypogastric 
nerve was also cut, in the first three, the right; in the last, the 
left. 


Exp. 13 14 16 15 
Right hypogastric 17 11 13 8 
Left hypogastric 9 7 13 20 


The evidence for the existence of medullated fibres from the 

ganglion cells is not very satisfactory, for the number of sound fibres in 
_ the uncut hypogastric is not appreciably greater than the number in 
the peripheral end of the cut hypogastric (ep. p. 182). But some further 
evidence in favour of this possibility is afforded by the existence of a 
few sound fibres in the peripheral end of the cut spinal branches 
(cp. next section). 


The short ciliary nerves which proceed from the cells of the ciliary 
ganglion are known to be medullated. We have to thank Dr Sherrington 
for the ciliary ganglion and short ciliary nerves of a cat in which the mird 
nerve had been cut some time previously. The branches of the 11rd nerve to 
the ganglion were of course degenerated, but the short ciliary nerves showed 
no sign of degeneration. 


Spinal branches of the inferior mesenteric ganglion. These 
consist chiefly of medullated fibres with a variable number of non- 
medullated. The number of medullated fibres we have not counted, 
they are much more numerous than in the hypogastrics; the majority 
of the small ones are connected of course with the cells of the ganglion ; 
near the sympathetic, the spinal branches contain a certain number of 
large fibres, the large fibres for the most part run off to the mesentery 
dorsally of the ganglion, there they divide (decreasing somewhat in calibre) 
and end in Pacinian bodies. A few run on in the colonic and other 
branches ‘of the ganglion, and of these some can be traced to Pacinian 
bodies in the more ventral parts of the mesentery. Section of one 
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hypogastric does not cause, so far as we have seen, any degeneration in 
the spinal branches of either side. 

After section of the spinal branches themselves, there were in the cases 
we examined a few sound fibres in the peripheral ends of the cut nerves, 
(No. 17 and No. 19). In the central end we found in one case no 
degenerated fibres and in another (No. 14) 12 small degenerated fibres. 

Colonic Nerves. These are like the ——— except that they 
contain fewer medullated fibres. 

Relative number of efferent and afferent fibres. In three 
experiments the roots of the first five lumbar nerves, with or without 
others, were cut. Thus there was degeneration of nearly all or of all of 
the efferent fibres, whilst the afferent fibres, being still connected with 
the posterior root ganglia, remained intact. In two of these (op. cit. 
Ser. G. No. 1 and No, 3) the central end of the right hypogastric gave 
no reflex on the bladder or internal anal sphincter. The number of 
medullated fibres found in the hypogastrics was as follows :— 


Ser. G. No. 1. 1 to v lumbar roots cut on both sides. 10 days. 
Right hypogastric Left hypogastric 
3 


7 to 8u 0 
5p about 1 2 
| 38 58 
Ser. G. No.3. x thoracic to v lumbar roots cut. 6 days. 

7 to 9p 0 2 
6p 0 1 
5p 1 1 
3 to 4p 4 } 58 

3p or less 77 : 
82 62 


In the one case, then, the total number of medullated fibres remain- 
ing in the two hypogastrics was 96 and in the other case 144, And not 
all of these were necessarily afferent fibres; for it is possible that a few 
were medullated fibres proceeding from the ganglion cells, and a few 
may have been efferent fibres from uncut nerves, insufficient to produce 
a sympathetic reflex. These numbers are unexpectedly small. We 
have seen that in the normal hypogastrics taken together, the medullated 
fibres vary from about 950 to about 1650. If we assume that these 
numbers represent the numbers originally present in cases No. 1 and 
No. 3 respectively, then in No. 1 ;4, only of the medullated fibres were 
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afferent fibres, and in No. 2 less than 74. The assumption can hardly 
be so wide of the mark, that we may not take #, of the medullated 
fibres as representing roughly the proportion of afferent fibres to the 
whole, 

In the spinal branches to the inferior mesenteric ganglion the 
proportion of afferent fibres is still smaller, for though these contain 
some afferent fibres which run to the mesentery, these are few, whilst 
there are a large number of small medullated efferent fibres which lose 
their medulla in the inferior mesenteric ganglion. 

In the third case, the central end of the hypogastric gave (on 
electrical stimulation) a distinct though much diminished reflex on the 
bladder and internal anal sphincter. Here we had expected to find a 
considerably larger number of undegenerated fibres. There was, 
however, a slight difference only between the number here and in 
No. 3. 


Right hypogastric § Left hypogastric 


Ser. G. No. 2. About 8 0 1 
» Of 1 1 

13 13 

3p or less 57 72 


Fibres decussating in the inferior mesenteric ganglion. We 
have shown experimentally (op. cit. p. 423) that the nerves and spinal 
branches of one side whilst running in the main to the hypogastric of 
the same side, run in part to the hypogastric of the opposite side. 
Such of these fibres as end in the cells of the inferior mesenteric ganglion 
cannot be satisfactorily counted, because of the tortuous course they 
take amongst the cells. But we have attempted to form some idea of 
the number of fibres which proceed from one side and continue as 
medullated fibres down the opposite hypogastric nerve. The number 
of such fibres appears to be in direct ratio with the degree of anatomical 
connection of the ganglia on the two sides. This, as we have pointed 
out earlier, varies very considerably. 

In No. 19, the ganglia of the two sides were intimately connected 
together, On the left side there were three spinal branches, one 
unusually large and two small. The large branch, containing the 
majority of the spinal fibres running to the ganglion was cut. This 
caused degeneration of 79 fibres in the opposite hypogastric, two of 
these being of medium size. 
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In No. 18, the connections between the ganglia of the two sides 
were very scanty. Section of the left spinal branches, except an 
anterior one, caused degeneration of 21 fibres only in the left 
hypogastric ; these were all small. 

We are indebted to Dr Sherrington for the hypogastric nerves of 
two cats in which he had cut the first five lumbar nerves on the right 
side. The degeneration time was 17 days in one (No. 23) and 27 days 
- in the other. Even in the first case mere traces only of degeneration 
remained. We give the number of normal fibres found. 


Left hypogastric 


No. 23. About 1 
» op 3 0 
35 43 
3p. or less 93 142 
132 185 
No. 24. About 5p 
4u or less 233 379 
| 235 379 


The result in each case implies a very considerable decussation 
of medullated fibres, but the unknown factors are too many to allow 
any definite numerical statement to be made. 

Splanchnic Nerves. The splanchnic nerves, major and minor, 
resemble the spinal branch to the inferior mesenteric ganglion. The 
number of medullated fibres they contain is of course much greater ; 
the large fibres form a striking feature under the microscope, but we 
doubt if their relative number is very different from that of the spinal 
branches to the inferior mesenteric ganglion. The nerve strands given 
off from the ganglia of the solar plexus appear to us to have relatively - 
more medullated fibres than the colonic branches of the inferior 
- mesenteric ganglia and relatively fewer than the hypogastrics. 

From the homology which exists between the splanchnic and the 
spinal branches of the inferior mesenteric ganglion we may fairly 
conclude, that in the former as in the latter, the efferent fibres are = | 
much more numerous than the afferent fibres. : 


CoNCLUSIONS. 


The hypogastric nerves in the cat consist chiefly of non-medullated 
nerve-fibres, although they contain also a considerable number of 
medullated fibres. 
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The size of the nerves and the number of medullated fibres they 
contain is unequal on the two sides; the right hypogastric, so far as our 
experience goes, is usually the larger. 

The number of medullated fibres in each hypogastric varies from 
about 350 to about 900. In the two hypogastrics together, the number 
varies from about 950 to about 1650. | 

The fibres are chiefly very small, 1°3 to 24; there are many from 2p 
to about 3y, and a not inconsiderable number, e.g. 70, from 3 to about 
4. There are very few larger than 4°2u, and the number varies; 
broadly speaking we may say that there are 1 to 6 of about 5y (4'2 to 
6°5) and 0 to 2 of about 8 (6°5 to 9x). 

Since the central end of the hypomnstiic appears to possess 
constantly afferent fibres of pain, we conclude that such fibres are in 
some cases of not greater diameter than 6°5y. 

The large medullated fibres (7 to 12) in the spinal branches to 
inferior mesenteric ganglion and to the coeliac plexus run chiefly at any 
rate to the Pacinian bodies. 

The sacral nerves send a variable number of fibres, up to 1 or 2 
dozen, into the lower end of the hypogastric, but nearly all these turn 
back with the hypogastric fibres to the bladder and other viscera. A 
few small fibres, 1 to 5, sometimes continue on in the on 
Their destinations we have not traced. 

No medullated fibres, so far as we have seen, descend the sympathetic 
to pass to the nervus erigens or hypogastric by way of the sacral rami. 
After section of the spinal branches to the inferior mesenteric 
ganglia, we have not found less than 7 nor more than 20 medullated 
fibres in one hypogastric. Some of these may be fibres which have 
escaped section, e.g. by running in the sheath of the inferior mesenteric 
artery ; or they may be fibres proceeding from the cells of the inferior 
mesenteric ganglion, but which nevertheless are medullated, just as are 
the fibres given off by the cells of the ciliary ganglion. 

The number of afferent fibres in the hypogastrics is small compared 
with that of the efferent fibres; roughly speaking we may take the 
former to be about , of the latter. The proportion of afferent to 
efferent fibres is smaller than this in the spinal branches to the inferior 
mesenteric ganglion, and presumably in the splanchnics also. 

Medullated fibres pass from the spinal branches on one side to the 
hypogastric of the opposite. The number of these varies considerably, 
and apparently in correspondence with the degree of anatomical 
conuection of the ganglia on the two sides. 
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THE HYPOGASTRIC NERVES. 
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A STUDY OF THE SENSE OF EQUILIBRIUM IN 
FISHES, PART II. By FREDERIC S. LEE, Ph.D., 
Columbia College, New York. (12 Figures in Text.) 


CONTENTS. 


I. Introduction. 

II. Compensating Movements. | 

III. Reactions following Compensating Movements. 

IV. The Acoustic Nerve. 

V. The Semicircular Canals. 
1. Comparison of natural sind artificial stimulation. 
2. Principal and subordinate functions. 

VI. Summary of Results. 


I. Introduction. 


The present paper gives the results of further researches into the 
question of the equilibrium function of the acoustic nerve and forms a 
continuation of a paper already published’, The work was carried on 
during the summer of 1893, at the Marine Biological Laboratory, 
Wood’s Holl, Massachusetts, U.S.A. All experiments here reported 
were performed upon the species heretofore studied, viz.: Galeus 
canis (Mitchill), the common smooth dog-fish, The methods em- 
ployed were essentially the original ones ; differences in details will be 
discussed in the appropriate sections. In the present series of experi- 


1 Part I. This Journal, xv. 311, 1898. 
CoRRIGENDA to Parr I. 
. 338, in description of Fig. 11, for “8a” read “3b”; for “8d” read “3a.” 
. 334 line 12, for ** 323, 324” read “ 331.” : 
. 836 


4 
“ 
4 
4 
iy 
4 
2 
% 
a 
4 
| 
a 
a 
3 
4 
4 
is 
4 
4 
3 
4 
4 
i 
+ 
ie) 
p 
+ p 
337, line 3, for “ ” read 
4 p- » tor upper ower, 
4 
ig 


EQUILIBRIUM IN FISHES. 193 


ments my aim has been to fill in certain gaps that were left in the 
previous series, to make the proof of certain points more logically com- 
plete, and experimentally to verify certain inferences and prophecies 
resulting from the theory formerly stated. In a word it may be said 
that the new results are entirely in harmony with the earlier ones, and, 
moreover, justify as correct the first statement of the theory. 


II. Compensating Movements. 


In the former paper the compensating movements of the eyes and 
fins, following passive rotation of the animal’s body around the three 
chief body axes and through several degrees of arc, were described 
(movements la, 1b, 2a, 26, 3a, and 3b). For movements in other 
planes it was simply stated that when the animal’s body was “ rolled 
simultaneously about two axes, the compensating movements are 
always a combination of the movements accompanying rotation separately — 
about the same axes.” In detail, there are here given the actual facts 
resulting from simultaneous rotations about the longitudinal and 

transverse axes, 1.¢. in the planes of the vertical semicircular canals. 
_ 4 When rolled in the plane of the left anterior and right posterior 
canals, 

(a) head downward : 

Left eyeball rolls upward, anterior pole more than posterior 
(Fig. 1, upper figures). 7 

Right eyeball rolls downward, posterior pole more than anterior. : 

Left pectoral fin does not move. 

Right pectoral fin bends strongly upward. 

Dorsal fin bends to the left. 

The compensating positions of eyes and fins are maintained 
when the body is held in the new position. 

The rotation of the body in the plane of the two canals (4a) is 
really a combination of the two rotations about the longitudinal axis 
and the transverse axis respectively (la and 3a of Part I); and, as 
might have been predicted, the movements of both eyes and fins are 
seen to be combinations of the movements obtained in rotations 1a and 
3a; eg. in 1a the left eyeball rolls straight upward, in 3. its anterior 
pole upward; while in 4a the upward movement and the rotation 
about the visual axis are combined. The combination of fin move- 
ments is especially striking: 
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e.g. in La, 

The left pectoral fin bends downward. 
The right pectoral fin bends upward. — 
The dorsal fin bends to the left. 

In 8a, 

The left pectoral fin bends upward. 
The right pectoral fin bends upward. 
The dorsal] fin does not move. 

In 4a, the movement of each fin is the algebraic sum of these. 
This is most markedly shown by the left pectoral; when the rotation of 
the fish ig exactly in the plane of the canal in question, there is no 
movement of this fin; when the plane of rotation is varied toward 1a, 
there is a downward movement; when toward 3a, an upward move- 
ment; in each case the amount of movement increases with the diverg- 
ence of the plane of rotation from the plane of the canal. No special 
attention was given to the posterior dorsal, anal, and pelvic fins, since 
the compensating movements of all of these are very slight. 

If Fig. 1 (upper figures) be compared with Fig. 6 of Part I. it will 
be seen that the eye movements resulting from passive rotation in the 
plane of the left anterior canal toward its ampulla and those resulting 
from artificial stimulation of the left anterior ampulla are the same. | 
The statement on page 329 of Part I, that “these movements [upon 
stimulation]...are exactly what would be expected to result from 
movement of the normal body in the plane of the canal whose 
ampulla is stimulated,” is hence proved experimentally to be correct. 
And, moreover, the inference is completely and unequivocally justified 
that, when a fish in swimming dives downward and to the left, the left 
anterior canal is par excellence the sense-organ that appreciates the — 
movement. 

head upward: 

Left eyeball rolls downward, anterior one more than posterior 
(Fig. 1, lower figures). 

Right eyeball rolls upward, posterior pole n more than anterior. 

Left pectoral fin does not move. 

Right pectoral fin bends strongly downward. 

Dorsal fin bends to the right. 

Maintenance of the compensating positions is as in 4a. . 

Exactly similar considerations apply here as under 4a, the com- 
bination in 46 being that of 1b and 3b. The results harmonize with 
those obtained by artificial stimulation of the right posterior canal, and 
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| experimental justification is given to the inference from the previous 
experiments that “the function of this canal...is the appreciation of 
movements in its own plane toward its ampulla” (page 332, Part I). 


3 Fie. 1. 
Ko 
ope 

Left. | Right. 


Compensating positions of eyes for body positions 4a (upper figures) and 45 (lower 
figures). The figures in the present article are constructed on the same plan as those in 
Part I; i.e. the left eye is represented as seen from the outside, the right as seen from 
the median side ; 


5. When rolled in the Seams of the right anterior and left posterior 
canals, 

(a) head downward : 

Left eyeball rolls downward, posterior pole more than anterior 
(Fig. 2, upper figures). 
Right eyeball rolls upward, anterior pole more than posterior. 
Left pectoral fin bends strongly upward. 
Right pectoral fin does not move. 
‘Dorsal fin bends to the right. | 
Upon holding the body in the new position, the compensating positions 
are maintained. 

These results are a combination of those of 16 and 3a and demon- 
strate the prepotency of the right anterior canal in the tae rotatory 
movement. Cp. Fig. 7 of Part I. 

(b) head upward : 

Left eyeball rolls upward, posterior pole more than anterior 
_ (Fig. 2, lower figures). 
Right eyeball rolls downward, anterior pole more than posterior. 
Left pectoral fin bends strongly downward. 
Right pectoral fin does not move. 
Dorsal fin bends to the left. 
Maintenance is as in 5a. 
13—2 
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Here isa combination of movements 1a and 3b. The left posterior 
canal is the functional sense-organ. Cp. Fig. 10 of Part L 


Fra. 2. 


Ko? 


Right. 


Compensating positions of eyes for body positions 5a (upper figures) and 5b (lower 
figures). 


Upon any other theory than the one advocated in the present 
research it would be difficult, I think, to explain understandingly the 
curious compensating movements that are found to accompany rota- 
tions 4 and 5. Looked at, however, in the light of the hitherto 
observed and reported facts, they are clear. Each rotation may be 
regarded as a compound movement, made up of simple rotations around 
two of the chief body axes. When such a complex rotation is analysed 
into its elements, and the compensations of the latter are observed in 
the living animal, then it becomes a simple mathematical problem to 
compute the more complicated compensations of the former. As a 
matter of fact the compensations of rotations 4 and 5 were actually 


‘predicted ; and subsequent testing of the matter in the normal animal 


proved the complete identity of the predictions and the observed facts. 
This mathematical harmony between the various facts of observation 
gives the very strongest support to the proposed theoretical explana- 
tion of them. Evidently each vertical canal acts as a sense-organ of 
dynamical equilibrium for rotatory movements of the animal's body in 
its own plane and toward its own ampulla. The maintenance of the 
compensating positions of eyes and fins while the animal is at rest 
in positions 4 and 5, as in 1 and 3, indicates that here statical organs 
are at the same time in function. As regards the actual length of time 
during which maintenance of the compensating positions continues, 
little can be said. No fish will compensate actively and well after a 
few minutes, when taken out of the water apd held in the hand or on 
the shark-board without artificial respiration, as in all my experiments 
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on normal compensation. When he is held at rest in abnormal 
attitudes, maintenance of compensation continues sometimes for several 
seconds only, the eyes and fins both returning gradually to their custo- 
mary resting positions of least tension. 


III. Reactions following Compensating Movements. 


I come. now to a portion of the subject that, for the sake of clear- 
ness, I have thought best heretofore entirely to omit. In discussing 
the compensating movements it has been stated that, if the body of the 
normal fish be turned into any one of the ten positions studied and be 
held there at rest, in positions 2a and 26 (i.e, movements in the 
horizontal plane) the eyes and fins return to their normal resting 
positions, while in all other positions, la, 1b, 3a, 3b, 4a, 4b,5a,and5b 
the compensating positions of the eyes and fins are maintained. This 
has been regarded and without doubt rightly so, as indicative of the 
presence and action of statical organs of equilibrium, probably repre- 
sented by the otolothic parts of the ears. The bare mention of a 
maintenance of the compensation, or of the return to the normal resting 
position, however, does not tell the whole story. All the facts resulting 
from my experiments lead to the belief that the normal stimulation 
of any crista acustica is effected by the inertia of the endolymph. As 
the canal is rotated, the projecting sensory hairs are dragged through 
the inert endolymph and a nerve impulse results. If this be so, we 
should expect @ priori upon stoppage of the rotation a reactionary 
movement of the hairs, resulting in a reactionary stimulus and hence a 
corresponding reactionary movement of the eyes and fins succeeding the 
normal compensation. While the compensation represents the activity 
of the principal function of the canal or pair of canals, the reaction 
would represent that of the subordinate function’. 

Now as a matter of fact such reactions of eyes and fins, perfectly 
distinct and uniform, do actually occur. , They follow immediately upon — 
the compensation and consist always of a movement in a direction 
opposite to it. They are thus in every case an approach to the normal 
resting position. They are always slight, always less than the com- 


1 It is to be noticed that I omit here entirely the consideration of the so-called 
functional opposite, and limit the discussion to the canal or canals toward which the 
rotatory movement is directed. It will be remembered that in Part I, I gave experimental 
evidence tending to show that, when one canal or pair of canals is acting, its functional 
opposite is also acting. This means that during the principal activity of the former, the 
subordinate activity of the latter is in operation and vice versa. I prefer to obtain more 
experimental data before taking up this question exhaustively. — 
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pensation, except, as stated, in 2a and 2b, where complete return to 
the normal position of rest ensues. In all cases, however, the actual 
maintained position is the position ‘of compensation minus the reaction. 

Like the compensations the reactions and maintenance of the 
positions of the fins are inclined to be less constant and satisfactory 
than are those of the eyes. Upon being taken from the water a fish 
naturally resists with voluntary movements of the trunk and limbs. 
These last usually for a few seconds only. On the other hand, too long 
exposure of the body to the air and repeated tilting in various directions 
render the fin movements sluggish. Careful delicate manipulation and 
the employment of fresh animals show, however, that the above laws 
hold good for the fins as for the eyes. _ 

The reactions of the eyes for the ten body positions are seen at 
once by a comparison of the figures of normal eye compensations (Figs. | 
3, 4, and 5 of Part I and Figs. 1 and 2 of the present — with the - 
— figures of maintained eye positions. _ 


Left. Right. 


Resting positions of eyes for body positions 1 a (upper figures) and 1b (lower figures). 
i.e. diminution of compensation but no return to normal. ss sn with Fig. 3 of 
Part I. 


Fie. 4, 


Resting positions of eyes for body positions 2a (upper figures) and 2 b (lower figures). 
i.e. diminution of compensation amounting to complete return to nomena. Compare 
with Fig. 4 of Part I. 
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Resting positions of eyes for body positions 3 a (upper figures) and 3 b (lower figures). 
i.e. diminution of compensation but no return to normal, Compare with Fig. 5 of 


Part I. 
| Fro, 6. 
Kr 
Left. Right. 


Resting positions of eyes for body positions 4a (upper figures) and 4b (lower figures). 
i.e. diminution of compensation in both vertical and rotatory movements but no 
return to normal. Compare with Fig. 1 of present article. : 


Fia. 7. 


Resting positions of eyes for body positions 5 a (upper figures) and 5 b (lower figures). 
i.e. diminution of compensation in both vertical and rotatory movements but no — 
return to normal. Compare with Fig. 2 of the present article. . 


These reactions scarcely need discussion. That they are always in 
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a direction opposite to the compensation is the important fact con- 
cerning them, and this is to be correlated with the physical fact that 
sudden stopping of the rotating body must give to the crista acustica 
concerned an impulse in a direction opposite to that given by the 
rotation. Taken by themselves the reactions may perhaps not be 
regarded as proving the existence of a subordinate function belonging 
to each ampulla. Taken in connection with the results of stimulation 
about to be reported, however (see below, V. 2), it may not be doubted 
that they are the visible expression of subordinate functions. 

The leading equilibrium events then that accompany a partial 
rotation of a fish’s body in any plane, together with their physiological 
relations are as follows :— 

1, Compensation of eyes and om principal activity of semi- 
circular canal or canals. 

2. Reaction of eyes and fins: subordinate activity of semi- 
circular canal or canals. 

3. Maintenance of eyes and fins: activity of statical organ or 


organs. 
As above stated, the question of the simultaneous activity of the 


functionally opposite canal or pair of canals is here left out of considera- 
tion. 


IV. The Acoustic Nerve. 


In Part I the results of cutting one or both acoustic nerves were 
reported and discussed. I have now to add the effects of artificial 
stimulation of this nerve. So far as I am aware, the experiment, 
though an easy one, has not before been done. The method of pro- 
cedure is to open the auditory capsule from above, remove the contents, 
cut the nerve across where it begins to split up into its branches, and 
then apply electrodes to the stump. I have used electrical stimulation 
only, an induction current from a du Bois coil. The results accord 
entirely with the stimulation experiments on the various branches of 
the nerve. They vary with the position of the electrodes upon the 
stump. If these are placed more on the anterior side in the vicinity of 
the external fibres and not too strong a current is used, the effect is the 
same as that which results from stimulation of the external ampullar 
branches of the acoustic, viz. :—for left stimulation, the left eyeball rolls 
anteriorly, the right eyeball posteriorly (compensating position 2a or - 
Fig. 15 of Part I). If the electrodes are placed more upon the pos 
terior side of the nerve trunk, pure posterior effects follow, viz.:—for left 
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stimulation, the left eyeball rolls upward, posterior pole more, the right 
eyeball rolls downward, anterior pole more (compensating position 56 
or Fig. 10 of Part I). I have never succeeded in demonstrating by this 
method unadulterated anterior effects, doubtless because I have never 
succeeded in confining the stimulating current to anterior fibres alone. 
But touching the exposed stump has at times given a combination of 
anterior and posterior effects, viz.:—for left stimulation, the left eyeball 
rolls straight upward, the right eyeball straight downward (com- 
pensating position la, Fig. 3 of Part I). Lastly, if the two platinum 
electrodes be separated sufficiently to allow the trunk of the nerve to 
lie between them and a moderately strong stimulating current to reach 
all the fibres, we have the most beautiful result of a combination of 
anterior, posterior, and external effects, viz.:—for left stimulation, a roll- 
ing of the left eyeball strongly upward and at the same time somewhat 
forward, of the right eyeball strongly downward and somewhat back- 
ward (Fig. 8), a bending of the left pectoral fin downward, of the right 
pectoral fin upward and of the dorsal fin to the left. All these changes in 
position are the exact reverse of those following section of the same nerve. 


Fia. 8. 


| Left. Right. 
Position of the eyes upon stimulation of the left acoustic nerve. 


These results of total acoustic stimulation do not surprise us when 
they are compared with those of stimulation of the various branches of 
the acoustic nerve, ampullar and otolithic, reported in Part I. No new 
movements are brought out by the later experiments. Those that 
actually occur are the resultants of the combined reflexes proper to the 
component parts of the whole nerve. The complete antagonism of the 
effects of stimulation and of section is most striking. It settles conclu- 
sively the dispute as to whether cutting the nerve stimulates or 
paralyzes its component fibres, The question of sensations of equili- 
brium in the cases of section and of stimulation is an interesting but 
highly complicated one. I shall postpone the discussion of it, however, 
until more shall have been learned experimentally of the mode of 
working of the otolithie organs. i 

It will be observed that all the results of stimulating the acoustic 
nerve here reported are those which indicate the activity of the principal 
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function of the nerve. For our present purpose these are of the most 
_ importance. I have not yet endeavoured by artificial stimulation to 
bring out the subordinate function of the nerve as a whole. 


V. The Semicircular Canals. 


From a large number of facts observed in connection with the 
stimulation and section of the various ampullar branches of the acoustic 
nerve and reported in Part I, a theory of the physiology of the canals 
was proposed. A few points were not wholly proved, so far as proof 
consists in the marshalling of actually observed facts rather than of 
inferences however strong. 

The results of further experimental work along the same lines I 
present here under two headings. 


1. Comparison of natural and artificial stimulation. 


One assumption that I made in my former article was that artificial 
stimulation of the nerve branches gives results entirely similar to those 
of natural stimulation. This was actually established experimentally 
for the external canals, Inasmuch, however, as some critics may object 
to the drawing of such an inference from so few data, I have carried out 
a series of experiments to prove positively the validity of the reasoning. 
A part of the proof has already been given on pages 194—196. It was 
there pointed out that mechanical stimulation of the left anterior 
ampulla, right anterior ampulla, left posterior ampulla and right 
posterior ampulla, produces reflex movements of the eyes and fins 
identical with those following the tipping of the body of the normal © 
living fish in the planes of the respective canals toward their ampulla. 
These facts speak for themselves. 

Equally conclusive are the facts obtained by simultaneous stimula- 
tion of two ampulle, It will be remembered that we have evidence of 
the functional pairing of the various canals with each other. Any two — 
canals not lying in the same plane may together act as a sense-organ for 
the appreciation of rotational movements of the body in planes lying 
between them. When the plane of rotation is midway between the 
planes of the two canals, the latter act to an equal extent; when the 
plane of rotation lies more nearly parallel to the plane of one canal than 
the other, the one canal predominates over the other. Thus the two 
anterior canals together appreciate forward rotatory movements in the 
sagittal plane, or in other planes lying between them ; the two posterior 
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canals appreciate backward rotatory movements in the same planes; 
the anterior and posterior canals of the same side together appreciate 
movements in frontal and other planes lying between them. In the © 
case of each pair the mathematical combination of the results of stimu- 
lating artificially and separately the two component ampulle gives 
results exactly like those of natural] stimulation of the double sense- 
organ. But simultaneous artificial stimulation of the two ampulle was 
~ never tried. This has now been done so far as the two anterior, the 
two posterior, the anterior and posterior of the same side and of opposite 
sides, and the two external canals are concerned. In each of these cases 
the stimulation was mechanical and consisted of moderate pressure 
upon the surface of the exposed ampulla by a blunt needle held in the 
hand, This method is very effective, even although it affords no means 
of measuring accurately the intensity of the pressure and hence affords 
no possibility of equalizing at will the two simultaneous stimuli. 
Indeed it would be difficult to find a method short of the natural one 
that would allow of this. It follows hence that upon such simultaneous 
stimulation of two ampulle in successive trials the experimenter obtains 
either the desired combined action of the two criste acusticw, or the 
more pronounced action of the one or the other, according as both are 
stimulated equally or unequally. Leaving the cases of unequal stimula- 
tion out of account as immaterial to our present purpose, we can sum up 
our results as follows : | . 

Simultaneous artificial stimulation of the two anterior ampulle 
causes both eyeballs to roll their anterior poles upward, their posterior 
poles downward. This movement is the same as that which results 
from natural stimulation or from rotating the animal about the trans- 
verse axis head downward (3a, Fig. 5, upper figures, Part 1). It is, 
moreover, the algebraic sum of the movements following separate 
artificial or natural stimulation of the two anterior ampulle. 
_ Simultaneous artificial stimulation of the two posterior ampulla causes 

both eyeballs to roll their anterior poles downward, their posterior poles 
upward. This movement is the same as that resulting from natural 
stimulation or from rotating the animal about the transverse axis head 
upward (3 b, Fig. 5, lower figures, Part 1). It is also the algebraic sum 
of the movements following separate artificial or natural stimulation of 
the two posterior ampulle. | 

Simultaneous artificial stimulation of the anterior and posterior 

ampulle of the same side causes the eyeball of that side to roll straight 
upward, that of the opposite side straight downward. This movement 
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is the same as that resulting from natural stimulation or from rotating 
the animal about the longitudinal axis toward the same side (14a or 1 }, 
Fig. 3, Part 1). It is also the algebraic sum of the movements following _ 
separate artificial or natural stimulation of the same ampulla, 

Simultaneous artificial stimulation of the anterior and posterior 
ampulle of opposite sides causes no movement of the eyeballs, z.e. the 
action of one ampulla completely neutralizes the action of the other or, 
in other words, the algebraic sum of the movements following separate 
artificial or natural stimulation of the two ampulle in question equals 
zero. Simultaneous natural stimulation of the two ampulle is impossible; 
the fish cannot turn in two opposite directions at the same time. 

Simultaneous artificial stimulation of the two external ampulle 
causes no movement of the eyeballs, ae. the action of one ampulla 
completely neutralizes the action of the other, or, in other words, the 
algebraic sum of the movements following separate artificial or natural 
stimulation of. the two ampulle in question equals zero, Simultaneous 
natural stimulation of the two ampullz is impossible. 

It will be observed that in each of these cases attention was directed 
to the principal function of the pair of canals. Study of the subordinate 
function will be reported upon in Sect. 2 below, Observations of the fin. 
movements have not yet been recorded. The results are clean-cut and 
are, it seems to me, a complete answer to the question of natural versus 
artificial stimulation. The retlex actions in the two cases are identical. 
Hence all that was stated or presumed in Part 1 regarding the probable 
results of simultaneous stimulation of two ampulle is confirmed. Fig. 
14, for example, represents now rather the actual “ position of eyes” etc. 
than “the presumed position of eyes” etc. 


2. Principal and subordinate functions. 


It will be remembered that the results of cutting the acoustic nerve 
of one side led to the belief that each nerve possesses a principal and a 
subordinate function in relation to equilibrium, the former dealing with 
motions toward the side of the body on which the nerve lies, the latter 
with motions toward the opposite side. This belief was strengthened by 
the analogous results of cutting the various ampullar branches of the 
nerve. Evidence was obtained to show that each separate canal, as well 
as each functional pair of canals, has a principal and a subordinate 
function. As regards the quality of the reflex actions that may result 
from the principal and from the subordinate activity respectively of any 
one canal or pair, they are in all respects the counterparts of each other. 
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Moreover, the principal function of one canal or pair is the same as the 
subordinate function of the functionally opposite canal or pair. Further 
evidence for the theory of subordinate functions has been reported in the 
present paper (pages 197 to 200). If, however, each canal does possess 
a double function, it ought to be possible to obtain still more complete 
and convincing proof, namely, by artificial stimulation. A considerable 
portion of the last summer’s work has been devoted to this question. 
The task was so to stimulate artificially the hair cells, that at will the 
normal compensating action or the normal reaction should be brought 
out. As we have seen, the former was not difficult. Both electrical 
and mechanical stimulation—the only methods employed—readily called 
out the customary compensating movements of eyes and fins. With 
the reaction the matter was not so simple. The doctrine of specific 
nerve energies impels us to believe that two functionally different 
groups of nerve endings are present in each crista; one of which is 
predominant over the other. By artificial means to reach the subordi- 
nate without putting into activity the dominant group was not without 
difficulties. Several methods were employed. An approach to the 
natural conditions was attempted by inserting a pipette into the 
membranous canal and alternately forcing and drawing sea-water 
through the ampulla. Theoretically this would seem the ideal mode of 
testing the matter; and practically it did give the desired result. But, 
because of certain technical difficulties, it was not completely perfected 
in the time and with the laboratory facilities at hand and it was finally 
abandoned, Electrical stimulation was tried and found unsatisfactory. 
Lastly, the previously used method of mechanical stimulation by touch- 
ing the surface of the exposed ampulla with a blunt needle was resorted 
to. This has given unequivocal results. It has been found possible to 
obtain from one and the same ampulla repeatedly and at will either 
action or reaction, either principal or subordinate activity. In a given 
case the function called forth seems not to be determined by the part of 
the ampulla that is touched but rather by the intensity of the stimula- 
tion employed; moderate and strong pressure invariably calls forth the 
principal function, very slight pressure the subordinate one. As the 
theory demands, the eye movements with the former are considerable, 
with the latter slight. - 
Thus barely touching the exposed surface of the anterior ampulla 
causes the eyeball of that side to roll slightly but distinctly downward, 
the anterior pole more than the posterior, while the eyeball of the 
opposite side rolls slightly upward, the posterior pole more than the 
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anterior (Fig. 9, upper figures. A comparison of this figure with Fig. 1, 
lower figures, shows that the results of the subordinate activity of the 
anterior canal are the same in kind as those of the principal activity of 
the functionally opposite canal). A stronger pressure brings out the 
exactly opposite and usual reaction, viz.:—the eyeball of the stimulated 
side rolls strongly upward, the anterior pole more, the opposite eyeball 
strongly downward, the posterior pole more (Fig. 9, lower figures). 
The former represents the subordinate, the latter the principal 


activity. | 
Fie. 9. 
Left. 


Right. 


Positions of eyes upon very slight stimulation (subordinate function, upper figures), and 
stronger stimulation (principal function, lower figures) of the left anterior ampulla. 


Barely touching the surface of the posterior ampulla causes the eye- 
ball of that side to roll slightly but distinctly downward, the posterior 
pole more, the opposite eyeball slightly upward, the anterior pole more, 
which movements represent the subordinate activity (Fig. 10, upper 
figures. Op. functional opposite, Fig. 2, upper figures). Stronger 
pressure causes the usual exactly opposite result, viz.:—the eyeball of 
the stimulated side to roll strongly upward, the posterior pole more, the 
opposite eyeball strongly downward, the anterior pole more, ie., the 
principal activity (Fig. 10, lower figures). 

The external canals have given analogous, though not yet so entirely 
certain results, The external ampulla seems in all cases thus far tried 
excessively sensitive and the subordinate function has been brought out 
rarely, 

As regards pairs of canals good reactions have been obtained from 
the anterior and the antero-posterior pair, the only ones tried. With 
the former the usual result of simultaneous moderate or strong stimula- 
tion applied to the two ampulle equally (principal function) is given on 
page 203 of the present article, and in Fig. 5, upper figures, of Part I. 
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By using extremely slight pressure, however, it is possible to obtain 
quite the opposite effect, viz.:—in both eyeballs the anterior poles 


Fie. 10. 


Left. Right. 


Positions of eyes upon very slight stimulation (subordinate function, upper figures) | 
and stronger stimulation (principal function, lower figures) of the left posterior ampulla. 


slightly downward, the posterior poles slightly upward, which movements 
represent the subordinate activity (Fig.11. Cp. functional opposite, Fig. 
5, lower — Part 1). 


Position of eyes upon very simultaneous of the two anterior 
ampullm (subordinate activity). 


With the antero-posterior pair of canals the principal function is 
considered upon pages 203—204 of the present article and in Fig. 3, 
Part I. It is possible, however, so to modify the pressure in stimulation 
that exactly the opposite movement follows, viz.:—for left stimulation, 
the left eyeball moves slightly downward, the right eyeball slightly 
its (Fig. 12. Cp. functional — Fig. 3, lower figures, Part I). 


anterior 
and posterior ampulle (subordinate activity). 


With the anterior and posterior canals of opposite sides it has been 
shown that simultaneous equal stimulation, such as to call forth the 
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principal function of each ampulla, causes no movements of the eyes. 
It is obvious that similar antagonism and hence no movement accom- 
panies the simultaneous subordinate activity of the two functionally 
opposite canals. 

Experimental evidence of the possession by each ampulla of both a 
_ principal and a subordinate function hence seems abundant. In each 
of the cases above cited, either of single or paired canals, moderate 
or strong stimulation brought out movements of the eyes in a certain 
direction and of a certain intensity; slight stimulation yielded move- 
ments in the exactly opposite durection and of a less intensity. The 
results are definite and clean-cut, the facts are indisputable, and the 
terms, principal and subordinate functions, seem wholly justified. 


VI. Summary of Results. 


I have observed the compensating movements made by the eyes and 
fins of Galeus canis when the animal’s body is turned (e.g. through 45° 
of arc) about any one of five different axes and in the planes of the 
various semicircular canals or in intermediate planes. 

As regards the semicircular canals the planes and directions of 
rotation are :— 3 

Ist. The plane of the left anterior and right posterior canals ; 
toward the former (4 a) and toward the latter (4b). 

2nd. The plane of the right anterior and left posterior canals; 

_ toward the former (5 a) and toward the latter (5 b). 

3rd. The plane of the external canals; toward the left (2a) 
and toward the right (2). 

4th. The vertical plane that is midway between the planes of 
the two anterior canals, and of the two posterior canals; toward 
the former (3 a) and toward the latter (3 d). 

5th. The vertical plane that is midway between the left an- 
terior and posterior canals, and the right anterior and posterior 
canals; toward the left (1 a) and toward the right (1 b). 

For each of these ten different rotations definite and characteristic 
compensating movements result. Rotations 4a,46,5a,56, 2a, and 2b 
are in the planes of canals. Rotations 3a, 3b, 1a, and 15 are in planes 
intermediate between canal planes, and it is a significant fact that in 
each of these latter cases the compensating movements are the algebraic 
sum of the movements peculiar to the planes of the canals upon each 
side of the intermediate plane, just as in the parallelogram of forces any 
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one force may be regarded as a diagonal between two forces acting in 
two directions at an angle to each other. If the rotation be suddenly 
stopped and the animal’s body be held at rest in the new position, a 
reaction is caused in the eyes and fins. Such a reaction consists in 
a diminution of the compensation, a movement toward the customary 
resting position. In no rotations in vertical planes is the resting 
position reached, at least with the eyes; the movements of the fins are 
apparently less constant and marked, and have not yet been studied so 
fully ; in the horizontal plane there is a complete return of both eyes 
and fins to the normal position of rest. | 

All these movements may justly be regarded as connected with the 
maintenance of the equilibrium of the body. As such they are re- 
cognised in all the higher animals including man; and as such they 
may be considered as an index of the state of equilibrium of the body at 
the given moment. 

That the organs of sense whose activity gives rise to the movements 
exist in the ‘ampullz of the semicircular canals has been proved by 
the results of operative experimentation. Such experimentation has 
been of two kinds, that of stimulating, chiefly mechanically, the exposed 
ampullz and noting the results, and that of cutting the nerve supplying 
the ampulle and then studying the equilibrium capacities of the 
animal. As regards the former method, I have stimulated with both 
strong and weak influences each ampulla by itself, and in pairs the 
two anterior, the anterior and posterior of the same side, and the 
anterior and posterior of opposite sides. In the case of a single 
ampulla I find the results of strong stimulation to be identical with the 
compensating movements accompanying rotation in the plane of the 
corresponding canal toward its ampulla; the results of weak stimulation 
are of an exactly opposite character and are those of the reactions 
following the same compensating movements. In the case of the two 
anterior ampulle or the anterior and posterior of the same side I find 
strong stimulation to produce movements identical with the compen- 
sations accompanying rotation in the plane intermediate between the 
planes of the two canals in question and toward their ampulle; weak 
stimulation on the other hand produces exactly opposite effects, identical 
with the reactions proper to the same rotations in the normal animal. 
In the case of the diagonally opposite anterior and posterior ampulle 
properly graduated simultaneous stimuli, either strong or weak, produce 
no effects whatever, the movements resulting from stimulation of one 
ampulla evidently neutralizing those from stimulation of the other. In 
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each of the above cases, strong stimulation has called into play what I 
have called the principal function of the canal or ampulla, weak stimu- 
lation, the subordinate function. In the case of each canal or pair of 
canals, results of subordinate activity are qualitatively the same but 
quantitatively not so great as those of the principal activity of the 
functionally opposite canal or pair of canals. The results of artificial 
stimulation being identical with the compensations and reactions 
accompanying rotatory movements of the normal animal, it follows that 
we are justified in ascribing such compensations and reactions to the 
semicircular canals and in believing that the canals are the sense- 
organs of dynamical equilibrium. A rotational movement of the animal 
in the plane of any canal and toward its ampulla must stimulate the 
nerve endings and call forth the principal function of that canal and 
the subordinate function of the functionally opposite canal. Likewise a 
movement in a plane intermediate between the planes of two canals 
calls into action the combined principal functions of these two canals 
and the subordinate functions of the functionally opposite pair. The 
observations and experimental results reported in the present paper 
agree with and strengthen greatly the conclusions stated in Part I. 
The results of cutting the various ampullar branches of the acoustic 
nerve were reported in Part I, and harmonize beautifully with the 
above facts. It is clear that all such results of section may be 
explained by supposing the cutting operation to deprive the animal of 
all the sensory functions that I have ascribed to the canal or pair of 
canals the nerves of which have been cut. 

‘In the present paper I have added to the proof of the function of 
the acoustic nerve by showing that electrical stimulation of the trunk — 
of this nerve produces movements of the eyes and fins, that are the 
algebraic sum of the movements resulting from separate stimulation of 
the three ampullar branches and, moreover, are the exact reverse of the 
movements following section of the nerve. 

The above comprise in brief the main results yet arrived at. Fora 
concise statement of the function and mode of action of the canals, the 
reader is referred to pp. 344—347 of Part I. 
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ON THE ANATOMICAL CONSTITUTION OF NERVES 
OF SKELETAL MUSCLES; WITH REMARKS ON 
RECURRENT FIBRES IN THE VENTRAL SPINAL 
NERVE-ROOT. By C. S. SHERRINGTON, M.A., M_D., 
F.R.S., Lecturer on Physiology, St Thomas's Hospital, London. 
(Plates V. VI. VIL) 


I. Introductory. 
II. Methods employed in the present enquiry. 

1. Comparison of the nerve-fibres in ventral (anterior) spinal 
roots with the fibres composing the nerves of limb-muscles. 
Comparison of the nerve-fibres in dorsal (posterior) spinal 
roots with the fibres composing some cutaneous and 
articular nerves. | 
Removal from peripheral limb-nerves of all fibres arising 
from the spinal cord, the fibres arising from the spinal root 
ganglia being left intact. 

i. Question of the existence in the dorsal (posterior) 


2. 


3. 


il. 


spinal root of fibres having origin in the spinal 
cord. 

Are the myelinate fibres remaining sound in the 
muscular nerves recurrent and derived from adjacent 
peripheral nerves ? 


i. May the myelinate fibres remaining be attributed to 


regeneration ? 

Are any of the dias fibres derived from the 
sympathetic ? 

Are any of them of peripheral origin, i.e. possessed 
of a peripheral trophic centre (nerve-cell) ? 


III. Anatomy of those nerve-fibres to skeletal muscles which spring 
from cells of the spinal root-ganglia. 
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Number. 
Size. 
Relative numbers of the different sizes. — 
Arrangement in the nerve-trunks. 
Distribution in the muscles. 
The “ muscle-spindle.” 
IV. Pale fibres in the nerves of skeletal muscles. 
V. The muscular nerves in an anencephalous amyelous fcetus. 
VI. Remarks on the physiological condition of the nerves and 
muscles from which motor nerve-fibres have been removed. 
VII. Remarks on recurrent fibres and scattered ganglion cells in the 
ventral (anterior) spinal nerve-roots. __ 
VIII. Summary of conclusions. 
Explanation of figures. 


I. Introductory. 


Anatomical evidence of the existence of afferent fibres’ in the nerves 
distributed to skeletal muscles remains but scanty. Some authorities 
question the validity of the sparse observations which supply it. The 
actual insufficiency of the observed facts was recently pointed out to me 
by Dr Waller, who in connection with his own experiments on 
muscular effort? had lately had the subject under consideration. Still 
more recently the same point was pressed upon me by laboratory 
experience of my own, in the course of observations upon the “ knee- 
jerk.” 
In these latter I succeeded in determining* that the reflex arc with 
which the “ knee-jerk ” is connected possesses afferent as well as efferent 
fibres in the nerve of the vastus medialis‘ (vastus internus) muscle ; and 
further that the branches given by the sciatic nerve to the hamstring 
muscles convey from those muscles centripetal impulses which can greatly 
modify the “jerk*.” These nerves must therefore contain afferent fibres. 
The questions toward answering which this Paper is primarily directed 
are: (i) among the fibres in the nerves of vastus medtalis and of the 


1 Several of the observations detailed here were summarised in a communication made 
to the Brit. Med. Assoc., Newcastle, August 1893 (Brit. Med. Journal, p. 235, 11. 1893). 

2 Brain, 1891, p. 236. 

8 Brit, Med. Journal. March 12th, 1892. This Journal, xu. p. 666. 

4 The anatomical nomenclature recommended by the Committee appointed at the 
instance of the Anatomische Gesellschaft is followed in this Paper. 

5 Proc. of the Roy. Soc., Feb. 9th, 1893. 
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ham-string muscles which are the afferent? (ii) does the constitution of 
the nerve of vastus medialis differ appreciably from that of the nerves of 
other divisions of quadriceps — which are not so lanai con- 
nected with the “ — 


II. Methods employed in present sesoiettiiithien 


To determine what fibres other than those of the ventral spinal roots 
enter into the composition of the nerve-trunk supplying a skeletal 
muscle, e.g. vastus medialis, several anatomical methods may be followed. 
I have relied almost exclusively on four : 

1. comparison of the fibres of certain spinal roots with those of the 
corresponding peripheral nerve-trunks entering the muscle and the skin 
respectively ; 

2. the alteration of composition of the nerve-trunks induced by 
degeneration of spinal roots contributing to it ; 

3. the examination of the nerve-trunks of muscles where the spinal 
cord has been arrested early in its development ; 

4, the search for end-organs within the muscular tissue. 


1. Comparison of the structure of the ventral (motor) roots of the 6th, 
7th and 8th post-thoracic spinal nerves of the monkey, and of the Tth, 8th 
and 9th of the cat with the nerve-trunks of the hamstring and tibialis 
posticus muscles. 

In the nerve-trunks to these muscles the proportion of smallish fibres, 
ie. 2u—I12y, to large fibres, ie. above 18, is obviously higher than in 
the motor roots of the spinal nerves which innervate the muscles. 
Therefore either (i) some of the large fibres of the roots become smaller 
as they pass to the nerve-trunk entering the muscle, or (ii) to the fibres 
contributed by the motor roots a number of other smallish ones are added. 
Regarding the first possibility the diameter of the motor nerve-fibre has 
been shown to remain unaltered throughout its course (Schwalbe’, 
Kélliker), except where branching occurs. Now Mays” could not find 
any branching of the nerve-fibres in the macroscopic nerve-trunks in 
the frog. Myself I have, searching for it in nerve-trunks of the cat and 
- monkey, never seen it, apart from microscopic intra-muscular nerve- 

twigs, where it is of course of common occurrence. Regarding the 


1 Ueber die Kaliberverhiltnisse der Nervenfasern. (Leipzig), 1882. 
2 Zeits. f. Biologie, xxu. p. 865, 1886, By macroscopic nerve-trunks I mean those 
large enough to be easily dissected by the scalpel in cat and monkey. 
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second of the above possibilities the smallish fibres in the muscular 
nerves correspond in size with a large proportion of the fibres in the 
corresponding dorsal (sensory) roots. 

A result of the comparison is therefore the suggestion that of the 
nerve-trunks supplying these muscles a number of smallish fibres of 
from 2u—12y are contributed by the sensory spinal roots. _ 

From comparison between other ventral (motor) spinal roots and 
their muscular branches this result cannot be obtained so readily. The 
other motor roots in the region contain a far higher proportion of small 
fibres (Reissner’, Gaskell*, Siemerling’); these Gaskell has shown 
to enter for the most part the white rami communicantes of the 
sympathetic. It would however be difficult to accurately deduct those 
entering the sympathetic from the total existing in the motor root ; 
and this deduction would have to be made before —. the 
muscular trunks with the roots themselves. 


2. Comparison of the fibres of the internal ianenciihicitthe 
cutaneous division of the musculo-cutaneous of the leg, of the external 
saphenous and of the plantar digital trunks with the fibres of the dorsal 
(sensory) roots of 3rd—9th post-thoracic spinal nerves in the 
and cat. 

In these cutaneous nerves the largest fibres in fresh preparations 
measure 17, in osmic and alcohol preparations 16u. On the other 
hand, in the dorsal (sensory) spinal roots both proximal and distal to the 
root-ganglion exist a large number of fibres of more than 164 diameter, 
@.g. many are 20u and more in osmic and alcohol preparations. These 
large fibres of the sensory roots must therefore either, (i) become 
diminished in size before entering the cutaneous trunks above named, or 
(ii) their largest fibres must be distributed in nerves which are not 
cutaneous and be destined for structures other than cutaneous. The 
destinations remaining available for them are chiefly (i) articular and (ii) 
muscular, As to articular nerves in the first place they are very small, 
and could not contain all the large fibres of the sensory roots even if they 
consisted of them entirely; in the second place, I find the nerve to the hip 
joint (from the obturator) in the cat, and the nerve to the shoulder joint 
(from circumflex) in the monkey, contain no fibres of more than 14. 


1 Archiv fiir Anatomie, 1008, p. 1265. Also Luchtmans, Utrechtsche genootschap, 1066, 
p. 69. 
This Journal, vm, p. 1, 1886. 

3 Anat. Untersuch, tiber die menschlichen Riickenmarkswurzeln, Berlin, 1887, 


ihe 
=. 
4 
oa 
zi. 
ag 
ong 
x 
4 
39 


NERVES OF SKELETAL MUSCLES. 215 


They resemble in this character small cutaneous nerves. The remaining 
possibility becomes therefore a strong probability, namely, that the large 
fibres of the dorsal (sensory) spinal root are mainly distributed to the 
nerves of the skeletal muscles. Schwalbe (op. cit. p. 43) has, however, 
found that the fibres in the cutaneous nerves that cross the dorsal 
lymph-sac of the frog do actually diminish measurably in diameter 
within these nerve-trunks, although they do not branch within them. 
He remarks the impossibility of sufficiently following the fibres of large 
mammalian nerve-trunks to permit of the same fact being examined in 
them. The likelihood remains that something of the same progressive 
diminution may occur in the sensory fibres of mammalian cutaneous 
nerves, and in the sensory fibres (if existent) in the nerves of mam- 
malian muscles. ‘This possibility weakens the value of the comparison 
made. A further method (method 2) had therefore to be resorted to. 


3. Removal from the peripheral limb-nerves of all fibres springing 
from the spinal cord, the fibres arising from the spinal root-ganglion 
remaining tntact. 

My observations have been on three monkeys and on nineteen cats. 
For two more cats I have to thank the kindness of Mr Langley and 
Mr Anderson, who performed the root sections in the course of their 
experiments upon the abdominal sympathetic. I have to thank Mr W. 
Legge Symes for assistance in a number of the dissections. 

The method of operation I have employed may be briefly given 
here. 


The spinal theca having been freely exposed for a sufficient length in the 
vertebral canal is opened longitudinally in the middle line. The spinous 
processes of the vertebre it is unnecessary to remove, and though in my 
earlier operations they were removed, in all the later they were left. The 
cut edge of the dura mater on the side on which the nerve-roots are to be 
severed is seized with fine forceps: the nerve-roots are then easily found and 
laid bare. The roots of three to six consecutive post-thoracic nerves are 
severed with the scissors; both the ventral and the dorsal roots are included 
in the section, the latter being cut the earlier, and both nearer to the spinal 
cord than to the spinal ganglion. In the case of almost every nerve-root of 
the lumbar enlargement the root is long enough to allow a piece of it to be 
exsected, and this was done. The ganglia should not be seen at all | 
during the operation. To ensure complete severance of all the filaments 
of each ventral (anterior) root it is well to slip a thread under it before 
cutting it; then when the root has been cut the thread can be lifted away 
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without hindrance ; if some filament has escaped section it is caught, lifted 
and exposed for cutting by the thread when that is raised. The traumatic 
disturbance following the operation lasts about five days. On the first day it 
may be necessary to evacuate the urinary bladder. The time allowed for 
degeneration has varied between 13 and 190 days. 

To obtain from the nerve-trunks transverse sections in which microscopic 
examination can at once distinguish between all degenerate and all sound 
fibres, and that at the same time offer little complication from regenerating 
fibres, the best period of degeneration is from the end of the 4th week to the 
end of the 6th. The observations of sound fibres scattered among 
entirely degenerate ones is preferable to that of scattered degenerate 
among sound. - It is so for the reasons, that fibres in advanced degeneration. 
are not always readily distinguishable from connective tissue especially where 
the connective tissue is laden with myelin débris; that post mortem and 
accidental damage incidental to some dissections are liable to make a few of 
the nerve-fibres appear degenerate in places (the acidity developed in muscles 
post mortem quite rapidly seems to slightly alter the myelinate fibres in the 
nerve-twigs) ; that a few small degenerate fibres can be rapidly removed from 
a nerve-trunk without leaving any anatomical mark recognisable with 
certainty. 

When the animal was finally examined the plan adopted was (i) to stimu- 
late with the faradic current the muscular nerves on the normal and on the 
operated sides ; (ii) to tease out in the fresh condition portions of the various 
nerves and muscles and examine them with the microscope; (iii) to fix with 
osmic acid, and with Marchi’s reagent, pieces of the nerves and muscles ; the 
fixed preparations were afterwards divided into portions of which some were 
teased completely, others microtomed into serial sections by the paraffin method. 
The distal portions of the spinal roots were microscopically examined 
to ascertain that the severance of them had been complete. 


i. Question of the existence in the dorsal (posterior) spinal root of 
fibres having origin in the spinal cord. — 

At first sight it might appear superfluous for the present purpose to 
sever the dorsal (posterior) spinal roots as well as the ventral (anterior) 
and in two early experiments I was content with cutting ventral roots 
alone. The following considerations subsequently induced me to sever 
both roots, the dorsal of course well proximal to its ganglion. 

1, Vejas' and Joseph’ assert that after lesion of dorsal (sensory) 
root proximal to ganglion a number of fibres degenerate on the peri- 


1 Beit, 2. Anat. u. Phys, d. spinal Gangl.,; Munich, 1883. 
2 Arch, f. Anat. u. Phys., Phys. Abth., p. 296, 1887. 
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pheral (ganglionic) side of the lesion. Joseph asserts these can be 
traced through the ganglion and into the peripheral nérve itself. He 
supplies no description or figure of the fibres. The observation is 
opposed to the original one by Waller, which was confirmed by Bernard 
and others, and has been recently again by Kahler’ and by Singer and 
Miinzer’. 

2. Ramon y Cajal’, v. Lenhossek‘, and van Gehuchten’ have 
discovered in the chick that axis-cylinder processes pass from certain 
cells in the ventral cornu of the cord to emerge with the fibres of the 
dorsal (sensory) spinal roots. They describe the cells as “ motor” and 
very sparse. No observer has yet found them in the mammalian cord, 
and Kélliker® has especially sought there for them. 

My own observations regarding the existence of such fibres in 
the roots of the lumbosacral nerves of cat and monkey are as 
follows : 


(1) Monkey. Dorsal (posterior) roots of 4th, 5th, 6th, 7th, and 8th 
post-thoracic nerves severed close to spinal cord. 9 days allowed for degenera- 
tion. The portions of the roots attached to the ganglia carefully examined 
fresh and after osmic fixing. Not a single degenerate fibre detected ; small 
fibres and large appeared, all of them absolutely intact. 

(2) Cat. Similar experiment, with similar result, on sth, 6th, 7th, 8th, 
and 9th post-thoracic nerves. 

(3). Cat. Both roots of 4th and 5th post-thoracic nerves severed close to 
ganglion. Twenty-three days allowed for degeneration. In the spinal 
portions of these roots not a single nerve-fibre of less than 12 was discoverable 
in a sound condition; all were obviously degenerate. A small number of 
large fibres (204) were not ny altered to leave it certain whether 
they were degenerate or sound. 

(4) Cat. 4th, 5th, 6th, 7th, 8th, and 9th post-thoracic spinal ganglia 
(right side) excised with adjoining bits of ventral roots. Thirty-three days 
allowed for degeneration. No motor reactions on applying maximal currents 
to femoral, obturator or sciatic nerves. The spinal cord ends of each of the 
six dorsal (posterior) roots was sufficiently long to divide into three pieces ; 
one of these was teased fresh, one after fixation in osmic, the third after 
osmic fixation was cut into serial sections. The whole thickness of each root 
was thus examined. No large but a number of small fibres appeared intact. 

(5) Cat. The 4th, 5th, 6th, 7th, and 8th post-thoracic aise — of 


1 Prager medic. Wochenschr. p. 302, 1884. 

2 Denkschr. d. k. Akad, d. Wiss., Vienna, tvu. p. 570, fig, 1, 1890. 

3 Anat. Anzeiger, 1890, p. 112. 4 Anat. Anzeiger, 1890, p. 360. 

5 Anat, Anzeiger, 1893, p. 215. 6 Handb. d. Gewebelehre. 1893, vol, 11. - 
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the right nerves excised together with the adjoining part of each correspond- 
ing ventral (anterior) root. Forty-two days allowed for degeneration. No 
motor reaction on stimulating anterior crural, obturator or peroneal trunks. 
Flexion of toes on exciting tibial (internal popliteal) nerve. 9th post- 
thoracic ventral root on left side gave flexion of digits. Plexus rather post 
fixed. No large but a number of small fibres appear intact. 


In (4) at first sight it seemed that all the fibres were in advanced 
degeneration, broken down, and overlaid by lines of cells containing 
granules of fatty and other nature. Further examination revealed great 
numbers of extremely delicate myelinate fibres varying from ly to 3°5u 
in diameter. These possessed perfect continuity and were clearly not 
degenerating. They were scattered throughout the whole thickness of 
each root. They much resembled young regenerating fibres in :—(a) the 
excessive thinness of the myelin-sheath, (8) the inconspicuous character 
of the nodes of Ranvier, (y) the frequency of occurrence in couplets and 
triplets, (6) the somewhat tortuous course, (e) the appearance of being 
bedded in or on pale embryonic somewhat flattened “ protoplasmic” 
fibres, such as described by Neumann, and by Howell and Huber, 
to arise by regeneration in the peripheral end of a severed nerve 
independently of reunion with the central end. Inasmuch as the spinal 
ganglia had in this experiment been in each case actually excised it is 
difficult to understand how regeneration of any root-fibres could have 
occurred, unless as Bowlby has said by autocthonous development. 
However in the peripheral nerves which were also exhaustively 
examined I failed to find any regenerating myelinate fibres. 

In (5) the portions of dorsal (posterior) roots attached to the cord 
showed the same condition as in previous experiment, modified in two 
points only. There were as follows: 

(1) At 33rd day, 1 1.€, experiment (4), nine large myelinate fibres 
(124—20,) existed in the series of the six roots which were in places 
so little altered I hesitated as to their being degenerate. These 
fibres might be the sparse “motor” axis cylinders of Cajal. At 42nd 


day, i.e. present experiment, all doubt about them was removed. Every 


fibre of more than 4y diam. in every root was broken up. | 

(2) Minute myelinate nerve-fibres of unbroken course were present 
and seemed more obvious, more numerous and larger than in previous 
experiment. They amounted probably to several thousands in the five 
roots. I could not find any measuring a full 4p. 


Those dorsal (posterior) roots with which I here deal conform 
therefore perfectly with the original observations by Waller, 
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i.e. no fibres in them pass from the spinal cord outward along the 
root to or through the spinal ganglion; all pass toward the spinal 
cord. 


I cannot explain the presence of the minute myelinate fibres in the 
spinal portion of the dorsal (posterior) root five weeks after excision of 
the ganglion. In the course of the second and third weeks I have not 
found them. Their existence is beyond question, as also the complete- 
ness of excision of the ganglia, which were preserved at the time of 
operation. I reserve discussion of their origin until. a subsequent 


paper. 


After complete section of all the ventral (motor) spinal roots and of 
the corresponding dorsal (posterior) roots (proximal to spinal ganglia) 
contributing fibres to the nerve-trunk of a skeletal muscle, a large 
number of the myelinate fibres in the nerve-trunk still remain 
intact. 

This fact has been ascertained for the following muscles: vastus lateralis, 
femoralis, vastus medialis, rectus femoris, sartorius, obturator externus, biceps 
flexor cruris, semitendinosus, semimembranosus, gracilis, pectineus, adductor 
brevis, tibialis anticus, extensor longus hallucis, extensor Jongus digitorum 
pedis, peroneus longus, extensor brevis digitorum pedis, soleus, gastrocnemius, 
tibialis posticus, flexor longus digitorum pedis, abductor hallucis, the second 
plantar interosseous psoas, obliquus internus abdominis, 
erector spine. 


The fibres remaining intact in these nerves arise in cells of the 
ganglion of the dorsal (sensory) spinal nerve-root. 

When all the ventral (motor) roots which can possibly contribute 
fibres to the nerve-trunk have been severed and allowed to proceed to 
full degeneration, and when the operation has included section of the 
dorsal (posterior) roots proximal to their ganglia, there remain, in addi- 
tion to the above-mentioned source of origin ig the spinal ganglivn, only 
three further possible sources for them. These must now be considered. 


ii, The fibres may be recurrent and derived from other peripheral 
It will be remembered that this supposition has been urged to 
account for the pair of undegenerate myelinate fibres found by Sachs’ 


1 Reichert u. Du Bois Reymond’s Archiv, 1874, p. 645. 
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in the sartorius muscle after degeneration of the 7th and 8th motor 


spinal roots: Sachs’ experiments do not meet the objection. I have 


endeavoured to test it as Spphed to my own experiments by the 
following means: 


Cat. Spinal theca opened and julia (anterior) roots of 3rd, 4th, 5th, 
6th, 7th, and 8th post-thoracic nerves (right) cut. 28 days allowed for 
degeneration. Many sound myelinate fibres existed in nerve to tibialis 
anticus and peroneus longus. But the series of roots cut had been sufficiently 
extensive to exclude from nerve-trunks near middle of series the possibility of 
recurrent fibres, ¢.g. the fibres in nerve to tibialis anticus would have to come 
from 2nd lumbar or 2nd sacral, which is beyond credibility. 

Cat. Vertebral canal opened and spinal ganglia with dorsal and ventral 
roots of 3rd, 4th, 5th, and 6th, post-thoracic nerves (right) excised. 26 days 
allowed for degeneration. Nerves to vastus medialis, vastus lateralis, rectus 
Jemoris, sartorius, and psoas contained no myelinate fibres. But recurrent 
fibres from adjacent branches of obturator, sciatic, remained intact (there 
were more than 300 sound fibres in obturator trunk, and nerve to tibialis 
anticus showed no obvious degeneration). 

Cat, Femoral (ant. crural) trunk cut at emergence from psoas muscle. 
Central stump 21 days later showed no degenerate fibres ; in peripheral stump 
and branches to quadriceps I could find no avelinabs fibres that were 
sound, 

Cat. Sciatic trunk cut above quadratus femoris. 21 days allowed for 
degeneration. No degenerate fibres detected proximal to trauma, no sound 
fibres detected distal to it. Similar experiment; union prevented by turning 
cut ends of trunk up and down. 88 days allowed for degeneration. No 
sound myelinate fibres in distal trunk and branches. 


I conclude therefore that from the muscular nerves, the sub- 
ject of these experiments, recurrent fibres are absent. The 
nerve-fibres remaining sound in these muscular nerves after degenera- 
tion of the ventral (anterior) —— nerve-roots cannot therefore be 
recurrent. 


iii. May the fibres be attributed to regeneration ? 

This is negatived by several facts. 1. The time allowed in some 
experiments was too short to permit of myelinate fibres by regeneration. 
Thirteen and eighteen days after section of the roots, the fibres in the 
nerves appeared perfect in size and number amid the remaining 
degenerate ones. 2. Regenerated fibres seen even 74 days after section 
of anterior crural trunk were strikingly different in number and 
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appearance from those left after section of the roots proximal to the 
ganglia. 

Experiment. Cat. 

Femoral (Anterior crural) trunk severed at Poupart’s ligament. Final 
examination made on 74th day from operation. In the muscular branches of © 
the nerve were a number of thinly myelinate fibres imbedded in fibrillated 
tissue. The upper nerve to sartorius consisted of two bundles; in the larger 
156 myelinate-fibres, in the smaller 39. The corresponding nerve on the 
unoperated side contained 1314 fibres. The-similar nerve in an experiment 
in which 3rd, 4th, 5th, and 6th, post-thoracic roots had been severed proximal 
to the spinal ganglia for 39 days contained 514 fibres, as against 1183 in the 
corresponding nerve of the sound side. Moreover the fibres in the nerves 74 
days after section of the nerve-trunk measured on an average less than 3y 
diam., a great number of them less than 24; the largest fibre discoverable in 
the nerve to sartorius 5°6y. But of the fibres in the nerve to sartorius after 
section of the spinal roots proximal to ganglia more than a half measured 
above 8u. In the nerve to rectus femoris the largest regenerating fibre 
measured 5y, and in the whole trunk of the regenerating anterior crural the 
very largest fibre measured only 7‘5y. Further differences between the newly 
regenerated fibres and the persistent sensory fibres lies in the thin myelin 
sheath of the former, and in the absence from the smaller of the new fibres 
of clear nodes of Ranvier; the larger regenerating fibres, e.g. 4y—6y, 
do however possess distinct, though not well-developed, nodes of Ranvier. 
When the regenerating trunk is examined in transverse section the fibres in 
it are seen to be mostly grouped in pairs, triplets, &c., and to be then contained 
in a common sheath and imbedded in a homogeneous substance. In longitu- 
dinal view it is frequent for a pair of fibres each of, e.g. 3u, to lie imbedded 
together in a band of homogeneous material about 8» wide and possessed of a 
distinct fine sheath. In such fibres I could find no distinct nodes of Ranvier. 
Further, the course of the fibres at the seat of trauma is tortuous and slightly 
so in the very regenerating trunks below. 


It will be gathered therefore that young regenerating fibres offer 
many points of difference from the fully-developed fibres of the normal 
nerves. On the other hand, the fibres found in the muscular nerves 
after degeneration of the motor spinal roots resemble in every respect 
the normal fully-developed fibres. They cannot be regarded as 
attributable to regeneration, 


iv. The fibres under consideration may be derived, at least in part, 
from the sympathetic system. 
This question is answerable on the following lines, 
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(1) Nearly a half of the fibres exceed 12 in diameter, whereas only 
a few of the very largest myelinate fibres of the sympathetic attain that 
diameter (Langley’). 

(2) Ina cat twelve days after extirpation of the 5th, 6th, 7th, and 
8th post-thoracic ganglia of the sympathetic prevertebral chain I have 
failed to find any degenerate myelinate fibres after examining the 
following nerves: n. musculo-cutaneus on the dorsum of the foot; 1st and 
2nd plantar digitals; nerves to fleror longus digitorum, rectus femoris, 
vastus medialis, sartorius, psoas magnus, gracilis, tinalis anticus. 

(3) After extirpation of the spinal ganglia, together with the 
adjacent portions of the dorsa] (sensory) and ventral (motor) spinal roots, 
no myelinated fibres remain sound in the peripheral nerves of 
the limb. In these excisions it is important to remember that a few of 
the cells of the spinal ganglion usually lie outside the naked eye limits 
of the ganglion even to a millimeter or so beyond (ie. distal to) the 
point at which the primary dorsal division of the nerve is given off. If 
these outlying cells be not included in the ablated portion, a few of the 
sensory fibres will persist in the nerve-trunks and many of them will be — 
indistinguishable from myelinate fibres of the sympathetic system. 

I have already instanced an experiment in which after the 3rd, 4th, 
5th, and 6th post-thoracic ganglia and roots were excised no myelinate 
fibres escaped degeneration in the anterior crural nerve and its branches. 
Similarly, 21 days after excision of the spinal ganglia and roots of the 
5th, 6th, 7th, 8th and 9th post-thoracic nerves I found no fibres unde- 
generated in the following: n. to tubialis anticus, peroneus longus, tibialis 
posticus, lateral head of gastrocnemius, biceps flexor cruris, semitendi- 
nosus, semimembranosus, lower end of adductor magnus, n. saphenus, 
externus, n. musculo-cutaneus. 

Again in Monkey. 

Macacus rhesus 2nd, 3rd, 4th, and 5th spinal ganglia 
and roots of the right side excised. 28 days allowed for degeneration. 

Examination proved the plexus to be moderately post-fixed, e.g. the 6th 
lumbar nerve gave a small twig to the obturator nerve. A few fine myelinate 
fibres found in the trunks of the 2nd, 3rd, 4th, and 5th lumbar nerves a 
few millimeters outside their points of emergence from the intervertebral 
foramina ; cf. infra p. 224. 

In the anterior crural trunk, viele’ it lay embedded i in the belly of psoas 
and consisted of the usual three large bundles, there existed not a single 
myelinate fibre. 


1 Phil, Trans. Roy. Soc. Vol. crxxxm1. B, p. 118, 1892, 
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In the nerve from the 4th and 5th lumbar trunks to psoas muscle not a 
single myelinate fibre. 
In the nerves to rectus femoralis, to vastus medialis (internus), to femoralis, 
to sartorius, and to vastus lateralis, no myelinate fibres. 
In the internal saphenous nerve halfway down the thigh, no myelinate 
fibres. 
In the obturator trunk in the pelvis, consisting of 3 large bundles 
in the smallest bundle / 15 fibres, scattered in sclerotic tissue. 
in the largest » 133 fibres, 
in. the third » 108 fibres, 
In nerve to obturator externus muscle 72 fibres in selervtis tissue. 
In anerve to adductor magnus __,, 18 fibres ‘i “ 
lower end of gracilis ,, 43 fibres 
adductor brevis no myelinate fibre. 
»» 9 ‘Upper part of adductor longus no myelinate fibre. 
* These fibres traceable to 6th lumbar. 


v. Have any of the myelinate fibres in the limb-nerves a trophic 
centre somewhere distal to the cells of the spinal root-ganglion ? 

This possibility may appear remote. v. Lenhossek and Retzius | 
have however found in the skin of the earthworm sensorial nerve-cells 
which are believed to be homologues of cells of the spinal root-ganglion 
of vertebrates. Also Joseph’ asserts that in the 2nd cervical nerve 
some fibres of the dorsal (posterior) root have their trophic centre distal 
to the spinal root-ganglion. The possibility must therefore be considered, 
and I have examined it as follows. 

Cat (A). The spinal ganglia of 5th, 6th, 7th, and 8th post-thoracic 
nerves of the right side excised together with the adjoining ventral 
(anterior) roots; 39 days allowed for degeneration. Nerves to tibialis 
anticus, peroneus longus, extensor digitorum longus examined and not 
found to contain any sound myelinate-fibres. 

Cat (B). The spinal ganglion and adjoining ventral roots of the 
4th, 5th, 6th, 7th, 8th, and 9th post-thoracic nerves excised; 30 days 
allowed for degeneration. Plexus of prefixed type. Nerves to sartorius, 
adductor magnus, gracilis, tibialis anticus, gastrocnemius, tibialis 
posticus, and flexor brevis digitorum examined ; no sound myelinate 
fibres found in them. 

In obturator nerve-trunk just inside pelvis one sound myelinate 
fibre existed ; it lay close under the connective tissue sheath of one of 
the large nerve-bundles ; it was 5u diam. 


1 Archiv f. Anat, u. Phys., Phys. Abth. p. 296, 1887, 
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In -the segmental nerve-trunks a few millimeters outside the 
intervertebral foramina some myelinate fibres existed in both the 
experiments. All these fibres were quite small, the largest measuring 


6y diam. They were very few in number. In 4th lumbar trunk, none. 
_ In 5th lumbar (A) two fibres, (B) four fibres, In 6th lumbar (A) three 


fibres, (B) two fibres. In 7th lumbar (A) eleven fibres, (B) eight fibres. 


‘In 8th post-thoracic trunk (A) nine fibres, (B) thirteen fibres. In 9th 


post-thoracic trunk, three fibres. In the ten nerves, 55 fibres. These 
fibres had not origin in the straggling ganglion cells lying a little distal 


to the main ganglion of the root, because those outlying cells had been 


included ‘in the portion excised. Nearly all the fibres in question lay 
either in or close beneath the connective tissue of the bundle-sheaths of 
the nerve-trunks, Their appearance was such as to suggest an origin 
fn the sympathetic. Those in the 6th lumbar cannot have come from 
any of the five adjacent nerve-roots above and below. They correspond 
in size with some in the ventral spinal root which do not degenerate 
peripheral to section of that root. They may be connected with certain — 


_ of the scattered ganglion-cells within the ventral root, the more probably 


since a number of those cells like these fibres lie close under the con- 
nective tissue sheath of the nerve bundles. Similar fibres, as has been 
said, were not found in the peripheral nerves in the limb, except for one 
detected in the sheath of obturator trunk. 

I conclude therefore that of the myelinate fibres persisting 
in the peripheral nerves of the limb after section of the 
ventral (motor) spinal roots none belong to the sympathetic 


system, and all, both the small and the large, belong to the 


cells of the spinal ganglia of the sensory roots. 
Since the fibres are thus traceable to the spinal root-ganglion I refer 
to them in future as root-ganglion fibres. 


III. Root-ganglion fibres in muscular nerves. 


The fibres are myelinate, possess “nodes of Ranvier,” &c., and 
under appropriate treatment show “ incisions of Lantermann,” “neuro- 
keratin network,” &c. The appearance of the individual fibres is quite 
indistinguishable from that of the myelinate fibres derived from the — 


_ ventral (anterior) root, with which they are commingled. Some of the 


fibres of about 6u—7 have a myelin sheath of great relative thickness. 
1. Number of the fibres. a i 
The actual number of root-ganglion nerve-fibres in an ordinary 
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muscular nerve-trunk is considerable. I have in not a few instances 
counted them, using the same method of counting as for the fibres of the 
spinal cord’. Thus:— 
A nerve to the upper part of sartorius 514 fibres. 
A nerve to vastus medialis (Cat) 364 
” ” ” (Cat) 495 ” 
” ” ”» (Monkey ) 274 ” 
vastus lateralis (Cat) 408 ,, 
A division of the anterior crural nerve supplying fem- 
- oralis, both vasti and a part of lower end of rectus 


Semoris 1638 fibres. 
A division of the anterior crural nerve supplying fem- | 
oralis and both vasti ites 
A nerve to the lower part of rectus femoris 188 se, 
A twig to rectus femoris 
A nerve to — and flexor digitorum 
pedis 589: 
“Main branch to the medial head of the gastrocnemius 375, 
” lateral ” ” 340 » 
Accessory branch 
A nerve to the tibialis anticus and eatensor longus 
digitorum pedis 


The division of the sciatic trunk which supplies biceps 
flexor cruris, semitendinosus, and semimembranosus 1820 __,, 
For assigning physiological values to the above numbers the 
following further data are useful. In a small cat the branches to 
sartorius and quadriceps femoris contained 2379 afferent fibres and the 
main cutaneous branch of the same trunk, «.¢. the n. saphenus internus 
supplying skin along the inner side of the thigh, leg and foot contained 
3710 fibres. .The nerve to the hamstring muscles in another small cat 
contained 1456 afferent fibres, so that the two muscular nerves together 
contain more afferent fibres than does the long saphenous nerve itself. 
To estimate the numerical proportion of afferent fibres to efferent in 
the muscular nerves, corresponding branches on the operated aud 
unoperated sides have been compared. Thus: in a Cat the hamstring 
nerve contained 
on the unoperated side 4512 fibres 


| 1 This Journal, xtv. p. 287. 
PH. XVIL 15 
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on the operated side 1820 fibres. 
In Cat the common trunk to vasti and femoralis 
on the unoperated side 2840 fibres | 
on the operated side 1182 fibres. 
In Cat the branch to sartorius 
on the unoperated side 1183 fibres 
on the operated side 514 fibres. 
In Cat a branch to vastus medialis 
on the unoperated side _ 749 fibres 
on the operated side 364 fibres. 
In Monkey _ the branch to the lateral head of gastrocnemius 
on the unoperated side 1116 fibres 
on the operated side 554 fibres. 


These comparisons between right and left hand nerve-trunks can be 
more accurately carried out with the larger nerve-trunks to muscles 
than with the smaller. 

An assumption lying at the basis of the comparisons is that the 
number of fibres in the corresponding nerve-trunks from the two sides 
of the body is normally equal. Actual observation shows that these are 


really only so approximately. Thus: 


branch from 5th lumbar nerve to the obturator trunk in the Cat, the 
plexus being of post-fixed arrangement and the relative size of the branch 
fairly corresponding with the figure given by Langley, fig. 1, Plate XIL., this 


Journal, Vol. x11. 
Right side. Left side. 


No. of bundles oe 1 
No, of fibres 828 ie 
Area of cross section 346 339. 


Branch from 6th lumbar nerve to the obturator trunk in Macacus rhesus, 
the plexus being moderately post-fixed. 
Right side.  Left,side. 
No. of bundles a. 1 
No. of fibres 174 161. 


But for the present purpose it is necessary to be certain that the 
nerve-trunk selected is actually destined for muscle. In the term 
“muscle” I here include its connective-tissue accessories of tendon, 
perimysium, &c. It is necessary therefore to select nerve-trunks which 
are actually plunging into the fleshy parts of ample muscles. Now, 
when corresponding nerve-twigs of this kind are taken from the right 
and left limbs respectively it is found that on microscopic examination 
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they frequently do not prove so symmetrical as one would wish for 
carrying out their comparison (cf. figs. 10, 11, plate VI.). Thus: 


Branch from anterior crural to upper part of rectus femoris. 
Right side, Left side. 

No. of bundles ae 2 

No. of fibres 1022 810. 


- Branch from anterior crural to vastus medialis. 
Right side. Left side. 


No. of bundles 
No. of fibres | 666 712 
Area of total cross section of the bendies 367 434, 


Branch from combined 5th and 6th lumbar nerves to the belly of psoas 


magnus; on both right and left sides the branch contained three nerve- 
bundles. 


Right side. Left side. 


Bundle a, No, of fibres 673 768 
| Area of cross section 313 357 

Bundle B. No. of fibres 209 
Area of cross section 88 60 

Bundle y No. of fibres 62 19 
Area of cross section 25 12 

Total of fibres 944 960 
Total area 426 _ 429 


I have endeavoured to overcome this discrepancy, which though 
sometimes trifling is more frequently wide, by gauging the number of 
fibres that must originally have been present in a nerve-branch by 
measurement of its transverse sectional area. In normal muscular 
nerves the fibres in the nerve-bundles are regularly and compactly 
arranged (cf. figs. 5,7, 10, plate VI.). A given considerable area of cross 
section of nerve-bundle contains, if the same procedure in fixing and 
dehydration has been used, in the same individual not far from the same 
absolute number of fibres in corresponding nerves of the right and left 
sides. The cutaneous nerves contain considerably more fibres per unit 
of sectional area than do the nerves of muscles. Thus: 


in Monkey an area of muscular nerve-bundles measuring 2608 contained 
5112 fibres, whereas an area of cutaneous nerve-bundles (cutaneous division of 
musculo-cutaneous branch of external popliteal) measuring 415 contained 1618 
fibres. Again in Cat an area of bundles in the muscular branches from the 
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~ anterior crural trunk (especially to vastus lateralis) measuring 1225' contained 


920 fibres, while an area of a cutaneous branch (internal saphenous) from 
same trunk measuring 1925 contained 3796 fibres. 


It is essential therefore that the nerves compared be corresponding 
nerves, 7.e. muscular with muscular, cutaneous with cutaneous. 
The plan adopted has been to take a small muscular nerve from the 


- undegenerated side, and from the degenerated side the corresponding 


twig; then in both to count the total number of sound fibres and in 
both to measure the area of the component bundles. On the supposition 
that the bundles of the degenerated side were originally packed with 
fibres to the same degree of closeness as those in the corresponding 
nerve of the normal side, the sectional area serves as a guide to the 
number of fibres originally contained. 


For the measurement of area the degenerative process should not have 
been allowed to run more than five weeks lest shrinkage due to sclerosis upset 
the basis of comparison. It is, however, necessary that at least twenty-six 
days elapse ; otherwise, in any given cross-section of the nerve-bundles, there 
may occur a certain number of cross-sections of degenerate fibres which, being 
cut at a point where still tubular, are difficult to distinguish from sections of 
sound fibres. To measure the area of the nerve-bundles their outline was 


drawn on squared paper by means of the microstat and squared eyepiece. 


The system used was Zeiss apoch. obj. 4 mm. ocular 6. The fibres were 
counted by the same system. Examples :— 


Cat. Normal side. Side with afferent fibres only. 
A-nerve to rectus femoris 2 

area 476 330 

fibres : 530 149 
A nerve to vastus medialis 

area 635 : 482 

fibres 414 164 
Nerve to biceps flewor cruris : 

area 420 478 

fibres 630 322 
Main nerve to medial head of gastrocnemius 


fibres 946 375 


1 The measurements of area quoted from time to time are not indiscriminately 
comparable one with another. Only those are comparable which were in order to allow of 
comparison carried out with the same sheet of previously tested paper. 
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A nerve to tibialis posticus and flexor longus digitorum pedis 


area 873 
fibres 1390 | 588 
Common trunk to hamstring muscles 
fibres 4512 1456 
Cat xi., a nerve to sartorius 
area 1387 
fibres 1183 614 
A nerve to lower end of rectus femoris 
area, 315 382 
fibres (244 188 
A nerve to femoralis 
area 875 693 
fibres 371 354 
_ A nerve to upper end of rectus femoris 
area 400 216 
A nerve to tibialis anticus and eatensor longus digitorum pedis 
area 1315 1096 
fibres 3 1557 
A nerve to vastus lateralis | 
area 1225 945 
fibres . 920 | 408 


From these measurements it appears that in several examples 
(nerves to femoralis, lower end of rectus femoris, to vastus lateralis, to 
sartorius) a full numerical half or more of the nerve-fibres remained 
undegenerate. But taking the whole series together the average pro- 
portion of the afferent fibres to the total myelinate fibres in the nerves 
of the muscles examined proves to be a little less than a half (49 °/,). 
The proportion of afferent fibres to total myelinate fibres 
ranges from a little more than a third in some muscular 
nerves to a full half in others. 


2. Size of the fibres. 

The afferent fibres in every muscular nerve examined have proms 
a striking variety of individual size. 

From a number of measurements made on specimens fresh and fixed 
by osmic acid their diameter ranges in each nerve from about 184 up 
to 18u—22u. In fixed specimens I have never met with instances of 
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more than 20°5u. Fibres of 20u% are uncommon. Between 2y and 
20 all intermediate sizes are to be found. In the nerves to the 
hamstring muscles afferent fibres of 19 (fixed) are fairly common, 
whereas in other muscles, e.g. vasti, femoralis, tibialis, fibres of 19y 
are not so common, fibres of 17~—18y being much more usual. | 

In the cutaneous nerves I have examined there are no fibres so large 
as the large afferent from muscles. 

Thus: 


i. Cutaneous trunks. Largest fibre. 
Medial division of n. musculo-cutaneus on dorswm pedis 
(fresh) 16p. 
8rd division of n. musculo-cutaneus on dorsum pedis 
(fresh) 16y. 
2nd plantar digital nerve (fresh) . 16p. 
a nerve to the pad (fresh) 16p. 
n. saphenus internus, at top of thigh 16°5p. 
n. saphenus externus (osmic) 15p. 
2nd plantar digital (osmic) 15p. 
2nd division of n. musculo-cutaneus on dorsum pedis 
(osmic) 


ii. Muscular trunks with afferent fibres removed. 
n. to vastus medialis and femoralis (fresh) 
n. to (osmic) 
n. to vastus lateralis and femoralis (osmic) 
n. to biceps flexor cruris (osmic) 
n. to semimembranosus (osmic) 
n. to outer head of gastrocnemius (osmic) 
n. to flexor brevis digitorum pedis. (osmic) 
n. to tebialts anticus (osmic) 
2nd plantar digital muscle (osmic) 


A cross section of the plantar nerves at the ankle after removal of 
motor fibres illustrates the relation well. In these nerves smallish 
nerve-bundles are then seen scarcely or not at all affected by degenera- 
tion, These are the bundles which can be traced into the digital 
collaterals, and are cutaneous. Other. bundles including two larger than 
the rest are heavily degenerated ; these are traceable. into the trunks or 
the plantar muscles. Among the relatively few fibres left in these 
highly degenerated bundles are a number larger (largest 184—19y) 
than any among all the very numerous fibres left in the cutaneous — 
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bundles (largest 16u—17), and in the. nerve twigs inside the 2nd 
plantar interosseous muscle were a few fibres of 18u. 

Among the large afferent fibres in the muscular nerves 
many are therefore larger than any in the cutaneous nerves. 
But the large afferent nerve-fibres of muscles, although larger than 
cutaneous fibres, are not the largest fibres in the muscular nerve-trunks 
in which they lie. Thus in the normal nerve to the rectus femoris 
(Cat) were fibres of 21u—22y, and. fibres of 20u—2lu were not 
uncommon, whereas the largest afferent fibre in the corresponding nerve 
measured 20u. Again, in the nerve of the hamstring muscles exist a 
few huge fibres of 274—30y, te. of greater diameter than some cells in © 
the spinal ganglion. These very large fibres disappear after section of 
the motor roots. The largest afferent fibres in a muscle-nerve are 
therefore not so large as are its largest efferent fibres. 

The above facts bear out the suggestions obtained above, (i) that 
many of the small fibres in the nerves to muscles are afferent, (1) that 
many of the large fibres of the sensory spinal roots are distributed wa 
muscle-nerves. 


Search in the sensory roots of the 5th, 6th, 7th, 8th, and 9th post-thoracic 
nerves shows a certain number of fibres larger than any I have seen among 
the afferent of muscle-nerves. Thus :— 


Largest fibre found. 
dorsal (sensory) root of 6th post-thoracic (osmic) 23p—24p. 
” 7th ” ” 24m. 
” 8th ” 
9th ” ” 22°By. 


” ” 

I cannot explain this discrepancy. The discrepancy is still greater 
between the fibres of the sensory root of the 7th and those in the external 
saphenous and the digital nerves, to which—apart from muscles—it is mainly 
distributed—+.e. 24 in the root, 15y in the nerves, but this as above stated 
may be accounted for by the larger fibres being drafted off to muscles; the 
articular nerves will not account for it (v. supra, p. 214). Of. however 
reference to Schwalbe, p. 215, supra. 


The small fibres are not branches from the larger, for ders is no 
evidence (vide, supra, p. 213) of any branching of myelinate fibres in the 
nerve-trunks, and further small, medium, and large fibres all coexist at 
the very origin of the nerve-trunks in the spinal roots. 

It is clear from the above that of the root-ganglion fibres in 
muscular nerves some are 100 times larger than others. Does a 
difference at all correspondent with this exist between the sizes of the 
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ganglion cells in the spinal ganglion? The only measurements extant 
are by Kélliker, who briefly notes that the diameter of some of the 
cells is thrice that of others. In the spinal ganglia belonging to the 
sacro-lumbar region my own preparations (Monkey, Cat) exhibit some 
cells more than five times the diameter of others, Thus: 


cell-body nucleus cell-body nucleus 
5th lumbar spinal ganglion 102» 
10p 
6th lumbar 
| Llp 
7th lumbar 254 


8th post-thoracic 


The measurements were all from sections equatorial in so far that the 
nucleolus lay in the section. The largest cells extend through 13—15 
sections, while the smallest disappear in three. Although not much stress can 
be laid on the fact, it is striking how often large and small fibres can be seen 
in the ganglion running radially toward large and small cells respectively, | 
thus, toward a cell of 73 a fibre of 17y, and toward a cell of 244 lying next 
to the larger cell a fibre of 6 only. 


Treating the cells as of spheroidal figure, an example of 100u diam. 
is rather more than 100 times the volume of an example of 20m diam. 
The difference is therefore about the same as that which exists between 


equal lengths of the smallest and the largest root-ganglion fibres in the 
muscular nerves. 


3. Relative numbers of the different sizes of fibres. 
The relative numbers of the different sizes of fibres in the bundles 
of muscular nerve-trunks are exemplified by the following : 


Cat. A nerve to vastus medialis and femoralis. 
384 fibres of 12u or more. 
4u—8y. 
63 » less than 4p. 
A twig from the upper nerve to rectus femoris. 
156 fibres of 124 or more. 
8u—12y. 
69 4u—8 
29 » less than 4p. 
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_ A twig to the lower end of rectus femoris. 
78 fibres of or more. 
38 » 
23 8u—12y. 
40 ,, 
36 » less than 4y. 
Two bundles in the branch from the anterior crural trunk to vastus 
lateralis and femoralis yielded together 
202 fibres of 12 or more. 
47 Su—12y. 
89 4u—8p. 
33. less than 

Of the 1607 myelinate fibres in these nerves 858 measured 12p or 
more. Analysis of nerves to the pretibial group of muscles gave a 
slightly different set of sizes. Thus: 

Two bundles from a nerve to tibialis anticus. 


bundle A. bundle B 
fibres of 124 or more 148 131 
8u—12y 64 44 
4u—8y 47 
» less than 4u 80 48, 


In the same cat the corresponding nerves, from which however the 
ventral-root fibres had been all removed by 5 weeks’ degeneration, 
yielded the following analyses : 

A twig to vastus medialis and femoralis. 

146 fibres of 124 or more (none of more than Ng net. 
63 Su—12u. 
82 4u—8yu. 
65 » less than 4p. 

When calculated from the sectional area and the data from the 

control nerve there should have been 
378 fibres of 12u—21,p. 
86 8u—12y. 
163 4u—8p. 
66 » less than 4y. 

The loss by degeneration had therefore been least in the class of 
fibres of less than 4; greatest in the class of 12 or more; the fibres 
of more than 18u had been entirely removed, In the fibres of less than 
4 it is not clear that there had been any loss at all; but it must be 
remembered that in the ventral spinal roots, even in those which do 
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not give off white rami communicantes there exist fibres of less than 4y. 
Thus: in the ventral root of the vith lumbar nerve I find fibres of 
2—3y, patchily scattered among the large fibres. 
A twig to upper part of rectus femoris yielded 
29 fibres of 124 or more (none more than 18, existed). 
8u—12y. 
23 
18 » less than 4p. 
A twig to lower part of the same muscle asp 


34 fibres of 16u—19y. 
22 «=: 12 
22 8u—12p. 
66 4u—B8y. 
34 less than 4p. 

Of the total number of fibres in these nerves little more than a 
third instead of distinctly more than one-half measure above 12. 
Further the absolute number of fibres of less than 4y is not indubitably 
diminished per unit of sectional area of nerve-bundle. 

Change in a similar sense is obvious from analysis of a twig to tibialis 

125 fibres of 124—18y. 

45 4u—8 yu. 

104 » less than 4y. 

_ Again, in another Cat | 

a large bundle in the normal nerve ° entering rectus femoris 
contained 433 fibres, of which 246 measured above 12yu, while 76 
measured less than 4; 

a bundle in a nerve to vastus medialis contained 394 fibres, of 
which 227 measured more than 12y; 

a twig from the nerve to rectus femoris of opposite side from 
which the ventral-root fibres had been removed by degeneration con- 
tained the following : | 

54 fibres of 12u or more. 

25 8u—12p. 

45 4u—8p. 

25 _ less than 4y. 

a bundle to vastus medialis 


68 fibres of 124 or more. 
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21 fibres of 8yu—I12y. 
32 4u—B8p. 
35 » less than 4y. 
a branch to medial head of gastrocnemius consisting of four 
bundles (A to D) yielded the following analysis: 


B Cc D 
fibres of 124 or more 89 31 46 12 
20 7 3 
4u—8y 45 14 25 6 
, than 20 16 24 6 
a branch to tibialis posticus, 
A B C D 
fibres of 12~ or more . 99 62 48 19 
14 36 2 
51 31 48 12 
» Tess than 4y 44 30 53 15 


Confining attention to the extensor group of the knee it will be 
noted that of 2434 fibres in the normal nerve-bundles 1331 measured more 
than 124 in diameter: but in the similar nerves of the side whence 
ventral-root fibres had been removed, out of 948 fibres only 353 measured 
above in diameter. 

After removal of all ventral-root fibres by degeneration, the sections 
prepared from the fleshy parts of muscles with their small intra- 
muscular nerve-bundles, very rarely in my experience exhibit fibres 
quite as large as the largest afferent fibres seen in the parent nerve- 
trunks traceable into the muscles by naked eye dissection. Thus: 


intramuscular bundle in sartorius muscle, 


15 fibres of 12u—l5dy. 
6 Su—12y. 
13 


9 , than 4y. 
three intramuscular bundles in vastus medialis (A to ©, 


A B 

fibres of 20 21 
6 4 18 

less than 15 7 13 
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intramuscular bundle in tibialis anticus, 
4 fibres of 124—14y. 
4—12y. 
5 less than 4p. 

On comparing the root-ganglion fibres of muscles with the fibres in 
the articular twigs from the circumflex trunk to the shoulder joint the 
fibres in the latter are found to average much the smaller. 

Articular nerve to shoulder. 

No fibre of 12y. 

8 fibres of 8u—12y. 
96 » 
22 less than 3y. 

As to the dimensions therefore of the fibres commingled in a 
muscular nerve, the efferent and the afferent both present 
individual fibres of strikingly diverse calibre, yet the largest 
of all are efferent, and the afferent predominate among the 
smaller. The comparison can be curiously accurately expressed 
by quoting Henle’s statement of the difference between the motor and 
sensory spinal nerve-roots. “Die Mehrzahl der Réhren in den hinteren 
Wurzeln feiner ist als in den vorderen; die dicksten Réhren der 
vorderen Wurzeln stirker sind als die dicksten Rohren der hinteren 
Wurzeln; die Zahl der feinsten Rohren in. den hinteren Wurzeln 
grosser ist als in den vorderen.” 


4. Arrangement in the nerve-trunks. 


The root-ganglion fibres lie scattered fairly regularly throughout the 
cross-section of the nerve-trunk, and are commingled with the motor 
fibres, though occasionally partially grouped apart from them. The 
large, medium and small fibres are admixed without obvious distinction. 
Occasionally little groups of large fibres or similar of small occur. 
When side twigs are thrown off from the parent stem large fibres and 
small together are drafted off into them; the fibres for a branch are 
usually gathered together and become grouped off from the rest of the 
parent nerve at some little distance above the point at which the 
branch actually separates from the trunk. Although in all the ex- 
amined muscular nerves of macroscopic size the root-ganglion fibres and 
the motor fibres are commingled, on following the nerves with the 
microscope, twigs of microscopic size are frequently found consisting of 

1 Handbuch der Nervenlehre. Brunswick, 1888. 
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root-ganglion fibres only. Such twigs contain usually some 10—40 
nerve-fibres, but occasionally even 70—80, In these purely afferent 
twigs the fibres are usually as elsewhere of various sizes. After 
removal of all motor fibres these twigs stand out in striking contrast 
against the sensori-motor parent bundles, and against their numerous 
sister offshoots of sensori-motor quality. Purely motor twigs are in my 
experience quite infrequent, and very small (e.g. 60 across); they 
contain after the ventral (anterior) roots have been severed not a single 
myelinate-fibre. 


5. Distribution in the muscular tissue. 

The root-ganglion fibres in the nerve-trunks to muscles can be 
followed fully into the muscles. There they course for the most part in 
small sensori-motor and purely sensory branches. Not infrequently large 
myelinate root-ganglion fibres can be seen running absolutely singly 
and apart. When this is the case it is common for the single fibre to 
be surrounded by a very conspicuous loosely-fitting “sheath of Henle.” 
For the most part the root-ganglion fibres tend to follow aponeuroses 
and fibrous septa for a considerable distance. They thus come to lie 
frequently near the surface of or between the divisions of a muscle. I 
have seen this perhaps especially well in soleus, gastrocnemius, vastus 
medialis, femorahs and gracilis. 

Some of the afferent fibres while still myelinate divide dichoto- 
mously. After losing the myelin sheath some branch and rebranch 
very freely ; the branches are beset with numerous oval nuclei. Others 
appear not to branch in the same way as this. The existence in 
muscles of certain nerve-fibres which do not terminate in “ end-plates” 
was first noted by Kélliker. Such fibres have been especially studied 
in the ventral skin-muscle (cutaneus pectoris) of the Frog. The observa- 
tions concerning them will be found summarised by K6lliker? and still 
more recently by Landauer*. Some are supposed to be sensorial, but I 
do not discuss them here because, until the degeneration test has been 
applied to them, it is scarcely possible to exclude satisfactorily what 
may be motorial, ¢g. Bremer’s enddolden have proved motorial. 


6. The Muscle-spindle. 


In embryonic muscles occur certain primitive fibres camel of 
closely-set and even juxtaposed double, triple or quadruple rows of 


1 Handb. der Gewebel. YVol..1. 1889. 
2 Sitzungsb. aus Ungarn, Math. naturw. Klasse, 1892. 


i 
a 
a 
q 
Ag 
Woe 


C. 8S. SHERRINGTON. 


nuclei. These fibres were first noted by Weismann (1860), and as he; 
K6lliker, and subsequently Bremer (1882) and Felix (1888) have 
shown, produce by longitudinal fission ‘daughter-fibres, thus constitut- 
ing centres for muscular growth by the addition of new fibres. In 
adult amphibian muscle K6lliker in like manner discovered (1862, m. 
cutaneus pectoris, Frog) certain circumscribed bundles of fibres closely 
resembling the “Weismann fibres” of embryonic muscle. These he 
interpreted as similar centres of growth persisting within the adult and 
already specialised tissue. He named these bundles in accordance with 
that view “muscle-buds,” muskel-knospen. Kiihne discovered (1863) 
similar bundles of fibres in adult mammalian muscle; in attaching 
significance to them he was more guarded than his predecessor. He 
designated the bundles simply in virtue of their shape, muscle-spindles, 
“ muskel-spindeln,” the name adopted here as the most suitable of all 
that have been applied. The name “muskelknospen” in a sense different 
from K6lliker’s has been given by pathologists to the sprouting fibres 
of muscles undergoing regeneration after injury. The “spindles” have 
been studied by Golgi (1880); Golgi’s definition of them is “ bundles 
of incompletely developed muscle-fibres, surrounded by a special sheath, 
and to be found in muscles at every period of their growth.” He 
suggests their special connection with the lymphatic system of the 
muscle. Frankel has asserted the spindles to be pathological for- 
mations, describing them under the name “umschniirten Biindeln.” 
Working upon pathological material Eisenlohr, and Frankel and 
Milbacher, also Eichhorst (1888) and Santesson (1890), regard 
them as foci of inflammatory degeneration. S. Mayer and Babinski 
(1886) similarly aseribe them to degeneration, although considering 
them physiological rather than pathological, inasmuch as due to a de- 
generation of normal occurrence within active muscles) Mays (1885) 


- has diseussed the possibility of the spindles being sensorial, but his — 


eoriclusion is against their being so; inter alia, he quotes Kithne to the 
éffect that after section of the motor spinal-roots the nerve-fibres 
supplied to the spindles degenerate (in Lizard), together with those 
belonging to the motor end-plates: Kersehner however (1888) on a 
priori grounds has renewed the suggestion. v. Kélliker’, in the last 
edition of his Handbuch, critically sums up what is‘ now known concéern- 
ing’ the “spindlés’ (his ‘knospen’). With reference to théir functional 
significance he writes “the most contradi¢toty views’ prevail. Somé, as 


1 Handb. d. Gewebelehre. Vol. % 1889. pp. 394-406. Cf alsd’ for references up to 
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Krause, Felix and myself regard the ‘knospen’ as stages in the 
development of the fibres of the muscle; Kerschner declares them to 
be sensory structures; others again believe them to be pathological.” 
After weighing the evidence K6lliker concludes that “ putting all the 
facts together it cannot be doubted that the ‘ knospen are nothing but 
muscle-fibres in process of longitudinal subdivision.” 

Since K6lliker’s summary further papers have come feo 
Trinchese’ and from v. Thanhoffer’, both upholding Kolliker’s 
growth-centre view. But Mays* from study of development of motor 
endings, and Christomanos and Striéssner‘ from the histology of 
human muscle, have failed to satisfy themselves that production of new 
muscle-fibres and new nerve-fibres is actually observable in the 
“spindles.” Santesson® still follows the pathological explanation. 
R. Volkmann* finds that though as he believes the spindles are con- 
cerned with the physiological growth of the muscle they have nothing 
to do with the regeneration of repair from injury. Lastly, important 
information on the mode of termination of nerve-fibres within the 
“spindle” has been contributed by Ruffini’. Ruffini considers that 
there are two modes of ending of the nerve-fibres in the spindle neither 
of which resembles ordinary motor endings. In his second communica- 
tion (November, 1893) he says, “1 cannot to-day say other than I said 
in my communication already published, namely, that the muscle-spindles 
may be special nerve-organs entrusted with some peculiar sensorial 
function ; but in saying so I look forward to experiment for the final 
word upon the matter.” _ 

My own experiments have been suitable for examining the effect 
of degeneration of the motor spinal roots upon the nerve-fibres 
supplying the muscle-spindles; they demonstrate that the muscle- 
spindle is supplied with nerve-fibres arising in the cells of the spinal 
root-ganglion. In muscles from which all motor fibres have 
been entirely removed by degeneration I have never in a 
single instance failed to find every spindle met with in the 
muscle still possessed of perfectly sound myelinate nerve- 
fibres. These myelinate fibres are traceable from the sen- 

1 Arch. ital. d. Biologie, xrv. 221, 1891. 2 Anat. Anzeiger, vit. 635, 1892. 
3 Zeits. f. Biologie, xxrx. p. 41, 1892. 

4 Sitz, d. k. k.. Wien. Akad, o, mt. 417, 1891. 

5 Verhandl. d. biolog. Vereins in Stockholm, 1. 3, p. 26. 

6 Ziegler’s Beitrdge, xm. 320, 1893. 


7 A. Ruffini. Rendiconto d. R. Accad. d. Lincei, Rome, June, 1892: Arch. itil, d. 
Biol. xvi. 106. Also Anat. Anzeiger, Nov.. 1893, p. 87. 
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sory roots, and penetrate into the spindles and terminate 
within them. The muscle-spindle proves therefore to be a sensorial 
organ as argued by Kerschner and is indicated by the histological 
- analysis of the nerve-ending by Ruffini. 

Belonging to that class of end-organs of which the Herbst corpuscle, 
the Golgi tendon-organ, and the Pacinian corpuscle may serve as 
types, a feature peculiar to the muscle-spindle is the remarkable bundle 
of striped muscle-fibres contained within it. I shall here briefly 
describe the anatomy of the organ on the basis of my own — 
taken from the monkey and the cat. 

In shape the muscle-spindle is as its name implies fusiform. The 
long axis of the organ lies parallel to that of the muscle-fibres amid — 
which it is imbedded, or to that of the bundles composing the fibrous 
septum near which it is often placed; in the second case its long axis 
may be inclined at an angle with the long axes of the adjacent muscle- — 
fibres. Its own contained muscle-fibres, or as they may be termed! the 
intrafusal muscle-fibres, always however run parallel with the long axis 
of the spindle itself. | 

In size the muscle-spindle presents much variation. It is usually 
just visible to the naked eye. It is common for a spindle to be 
compounded out of two conjoined simple spindles. I have met with 
a triple spindle (f brev. hallucis, monkey). The length of the spindles 
in my preparations has ranged between ‘75 mm. and 4 mm. The 
diameter of the organ where widest is 80u~—200y. | 

A very important part of the muscle-spindle is its capsule. This is 
composed of concentrically superposed membranous lamelle, in most 
places not more than 6—8 in series. The lamelle consist of fibrous 
tissue in flattened bundles, more or less fused together; the fibres are 
circularly arranged almost accurately in the plane of the short axis of 
the spindle. Between the capsule and the axial contents of the 
spindle intervenes a distinct space, which toward and at the poles of 
the spindle is a narrowish cleft, e.g. 5u—15y across, but in the middle 
or equatorial region is much wider, e.g. 40u—60y across. This space, 
which completely surrounds the axial contents of the spindle, may be 
called the pertamial space, It is a lymph space, and exhibits in 
hardened specimens proteid precipitate and occasional lymphocytes, but 
never blood corpuscles. I have succeeded in injecting it by injecting 
the lymphatics of the leg. It is bridged across and partially subdivided 
in many points by extremely tenuous membranes and filaments. These 

1 From fusus a spindle, as extramural from murus. 


5 
i 
| 
a 
4 


NERVES OF SKELETAL MUSCLES. 241 


septa, as also the membranes of the capsule proper, are studded with 
sparse oval nuclei like those upon the coats of a Pacinian corpuscle. 
The open work of delicate septa webbing across the periaxial lymph 
space fuses on one side with the inner face of the inmost sheet of the 
corpuscle proper, on the other with a thin more or less perfect layer of 
connective tissue which immediately invests the axial core of the spindle. 
This investment I would term the azial sheath. It is fairly well shown 
in figs. 16 and 17, Plate VII. It is richly nucleate and supports as well 
as invests the neuro-muscular contents of the organ. In a compound 
spindle each intrafusal muscle-bundle retains its own axial sheath, even 
where the capsules of the component spindles are completely merged one 
in another. | 

The capsule proper is fairly sharply delimitable upon its inner side 
by the periazial lymph space, and in great measure is separated outside 
from the surrounding perimysiwm internum of the muscle, except at 
certain definite places. At each pole it is perfectly continuous with 
perimysium and often with commencing tendon-bundles. At places 
where a nerve enters it is continuous with perineurium. In and on the 
capsule small blood vessels are numerous; one of these usually runs in 
the superficial part of the capsule for some distance along the length of 
the spindle; from its sides diverge capillaries taking a more or less 
spiral course within the capsule. 

An essential component of the muscle-spindle is the bundle of 
muscle-fibres within it. This intrafusal muscle-bundle passes along the 
approximate axis of the spindle, entering at or commencing at one end 
and usually becoming tendinous as it reaches the opposite extremity. 
Sometimes it issues from the spindle before becoming tendinous. The 
intrafusal muscle-bundle consists of 2—12 primitive fibres; in a com- 
pound spindle there may be more than twenty, but these are nowhere 
perfectly merged into a single bundle. To facilitate description it is 
necessary to distinguish between the end portions and the intermediate 
region of the spindle, and between the end at which the muscle-bundle 
enters and that at which it often terminates in tendon, I shall call 
these portions of the spindle the equatorial region and the distal and 
proximal polar regions, the last-named being that at which the intra- 
fusal muscle-bundle enters or begins. 

In the extreme proximal end of the proaimal polar region two or 
three primitive muscle-fibres, of the “red” (Ranvier) “ triibe,” “ proto- 
plasmareich”’ (Grutzner, Knoll) kind, become invested in common by 
a sheath of perimysium internum, somewhat thicker and more definite 
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than their neighbours. They thus form an “umschniirten Biindel” and 
_in this region may be said to be entering the spindle. As they penetrate 
further-into the organ they tend to split lengthwise, so that one parent 
fibre becomes cleft into perhaps three daughter fibres. Accompanying 
this cleavage there is in my specimens no obvious change in size of the 
total cross section, that is, the daughter fibres combined offer about the 
same area as the single parent fibre. The daughter fibres are, however, 
very commonly circular in cross section, whereas the parent fibres 
resemble ordinary muscular fibres in being variously polygonal. In the 
intrafusal fibres it is common for nuclei to lie imbedded in the thickness 
of the fibre, often quite centrally. It is also common for only the 
marginal sheet of the substance of the intrafusal fibre to be 
striate or fibrillate, the appearance produced in cross section re- 
sembling somewhat that given by the Purkinje cardiac muscle-fibres, 
or by the myoblasts described by J. Schaffer. Some of the intra- — 
fusal fibres are devoid of sarcolemma. Except that the nuclei 
in the intrafusal fibres become more frequent as the equatorial region is 
approached, the fibres without presenting further change than the above 
pass usually through somewhat more than the whole proximal third of 
the spindle. | 

In the equatorial region the intrafusal muscle-fibre often becomes 
somewhat smaller in diameter and is nearly always circular in section. 
Its surface zone soon gets thickly encrusted with or almost completely 
occupied by a sheet of nuclei. Whether these nuclei are strictly part of 
the muscle-fibre proper is not clear to me. The nuclei are spherical or 
slightly oval, are clear, and measure about 64 diameter. Cross-sections 
reveal beneath the nuclear sheet a thin tubular layer which is fibrillated. 
This tubular layer itself invests a central core (44—5y) of hyaline 
substance, which runs rodlike along the axis of the intrafusal fibre in 
this region (Fig. 16), The cross-section of the fibre thus often displays 
a nearly complete zone of four to six nuclei around a hyaline centre. 
The striation is obscured by the nuclei clothing the face of the attenu- 
ated fibre, but where seen in the adjoining regions the striation is 
very marked, and coarser than in the ordinary muscle-fibres outside 

More than 400 of the length of the intrafusal muscle-fibre may in 
the equatorial region be thus beset with groups of nuclei. The appear- 
ance so given makes the fibre closely resemble the Weismann fibre of 
embryonic muscle. This resemblance is doubtless the cause of the 
confusion existing between the sensorial spindle-organ and the em- 
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bryonic centres for reproduction of muscle-fibres. One important 
anatomical point of difference should assist to distinguish between the 
two. In the embryonic muscle-centres for production of new fibres 
nuclear mitosis must be a striking feature’, On the other hand in those 
muscle-spindles which I have examined for mitosis I have failed to find 
nuclei other than in a resting condition. In all my preparations treated 
for studying karyomitosis the closely set nuclei of the equatorial 
region show no signs of reproduction but are typically 
resting nuclei. While insisting on the sensorial nature of the 
muscle-spindles I would therefore also urge that I find no evidence in 
favour of their being considered, in the adult muscle at least, as centres 
of growth or of production of new muscular fibres. 

The equatorial region usually occupies somewhat less than one-third 
of the entire length of the spindle (Fig. 16, Plate VII.). On emerging 
from this region the intrafusal fibres quickly regain the character they 
possess.in the proximal polar region. The number of nuclei in them 
becomes less as the distal pole of the spindle is approached. Toward 
the farthest end of the distal polar region the muscle-fibres often merge 
in tendon bundles; not all the fibres become tendinous at the same 
point, and the tendon filaments of some are relatively very long, e.g. 
500u—600u. The tendons finally combine with the fibrous tissue of 
the capsule near or at the distant apex of the spindle. It is sometimes 
difficult to distinguish a cross section through the extreme distal polar 
region of a muscle-spindle from a cross section through a Golgi tendon- 
organ. If myelinate nerve-fibres lie with the tendon-bundles inside the 
corpuscular sheath tlie organ usually proves to be a Golgi tendon-organ; 
in the muscle-spindle it is with the muscular not with the tendinous 
portion of the axial core that myelinate fibres become juxtaposed, and 
as the nerve-fibres enter by the proximal polar or equatorial regions 
rather than by the distal polar they are not —? seen in cross-sections 
through the tendinous end of the spindle. | 

The diameter of the intrafusal muscle-fibres ranges between 6 and 
28 so far as I have seen. The intrafusal bundle is not itself spindle- 
shaped; it hardly alters in diameter throughout its extent, though 
perhaps usually slightly more slender in the equatorial region than 
elsewhere. The bundle like its component fibres is rounded, not 
- angular in section; its diameter in the equatorial region may be only 
one-sixth that of the spindle itself, e.g. 324 out of 1904. The bundle 
frequently is placed excentrically in the spindle. The eccentric position 

1 Cf. Felix, Anat, Anzeiger, 1888. Zeits, f. wiss. Zool. 1889. 5 
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is due to asymmetry of the capsule which bulges here on this aspect, 
there on that. In longitudinal sections the bundle is always 
found to pass quite in a straight line between its ends in 
the spindle. 

The spinal-ganglion nerve-fibres which supply the muscle- 
spindles are large and myelinate, varying in diameter from 
7m to 18y. They are not distributed singly one to each spindle. On 
an average 3—4 independent nerve-fibres enter each spindle, 
in the case of compound spindles 5—7 fibres. This gives an 
average of about three intrafusal muscle-fibres to each individual 
myelinate root-ganglion fibre attaining a muscle-spindle. The separate 
nerve-fibres may approach the spindle by different nerve-twigs and enter 
it at widely distant points. Many of the large spinal-ganglion fibres 
distributed to muscles course singly (vide supra, p. 237), enveloped in a 
thick loosely-fitting sheath of Henle (eg. a sheath of 354 containing a 
fibre of 84) girt from place to place with annular and spiral elastic 
fibres. Almost all, if not all, these solitary nerve-fibres, that by the 
above characters are readily recognisable even in normal muscle without 
the analytical help of degeneration, are destined for “ muscle-spindles.” 
Their highly developed sheath of Henle becomes continuous chiefly 
with the layers of the capsule of the spindle, but partly in most cases 
also with the awial sheath of the core of the spindle, being in part 
retained as the nerve-fibre gradually traverses the periaxial lymph- 
space to reach the intrafusal muscle. But besides isolated nerve-fibres 
attaining the spindles, not infrequent are small nerve twigs consisting of 
3—6 large spinal-ganglion fibres all bound for one and the same muscle- 
spindle and entering it at one point, or two closely adjacent points. 
These twigs are pure spindle-nerves, Such spindle-nerves form 
one class of the purely afferent intramuscular nerve-trunks above de- 
scribed. One such is figured in Fig. 13, Plate VIL. 

The nerve-fibres enter the spindle from the side, not from the end ; 
they most commonly enter not far from the junction of equatorial with 
polar, especially proximal polar, region. <A single fibre entering the 
capsule sometimes winds between its coats for some distance, lying as 
it were partitioned off from the rest of the organ. The nerve-fibre 
does not on reaching the spindle lose the myelin-sheath; it retains — 
it long after piercing the capsule, and even after attaining to the 
intrafusal muscle-fibres beyond the periaxial lymph-space. The nerve- 
fibre never in my experience loses the myelin-sheath before it has 
completely penetrated the periaxial lymph-space. Carrying with them 
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a sleeve as it were of investing membrane which, like the periaxial 
sheath is very delicate and richly studded with oval nuclei, the nerve- 
fibres. plunge in various directions within the spindle, diverging one 
from another and traversing considerable lengths of the organ. I have 
seen spinal-ganglion fibres branch both when close outside and when 
quite within the thickness of the capsule. The branching is usually 
by dichotomous division at a node of Ranvier, and the angle of 
divergence of the two branches is usually quite small. While approach- 
Ing the spindle the length of the sheath segments (internodes) of 
the spinal-ganglion fibre is from 600u—900u; at a variable distance 
within the spindle, the segments (internodes) become suddenly much 
shorter, 80u—130y. At the same time dichotomous subdivision be- 
comes more frequent, the myelin-sheath becomes less thick, and the 
diameter of the axis cylinder considerably greater, e.g. 14 instead of 
9u. <A parent-fibre of 124 diam. will thus give rise to two thin!'y- 
myelinate fibres, each of 134—17y. These large, closely-jointed, thinly- 
myelinate fibres run along and within the intrafusal muscle-bundle, 
especially in the equatorial and immediately adjacent regions, In 
longitudinal view they exhibit a serpentine course and in fixed speci- 
mens indent the margins of the intrafusal muscle-fibres. They are 
wrapt in extremely delicate nucleated sheaths continuous with the 
nucleated axial-sheath of the spindle core. Some of the nerve-fibres 
are in hardened specimens somewhat flattened against the muscle-fibres ; 
perhaps these may be the ribbon-fibres described by Ruffini. The 
_ nerve-fibres devoid of myelin clasp the muscle-fibres in the equatorial 
region by wide, flattened expansions; these expansions are set more or 
less obliquely across the fibre. I take these to be the annulo-spinal 
terminations described by Ruffini, and pointed out by him to differ 
widely from ordinary motorial nerve endings. In my preparations one 
sensory nerve-fibre may be in this manner connected with more than 
one fibre of the intrafusal muscle. | 

‘Is the intrafusal muscle like the rest of the muscle connected 
directly with the motor nerve? In attempting to answer this question 
anatomically I have been unable by the gold method (Ranvier'’s, 
Fischer's) to satisfy myself of the existence of motorial end-plates on 
the intrafusal muscle-fibres. I do not however on the strength of not 
finding them venture to deny their possible existence in some ‘orm or 
other. To the physioiogical side of the question I obtained a more 
definite reply in the following way. From the sciatic nerve of the cat 
a short piece beneath the gluteus muscle was exsected. The end of 
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the central stump was at the time of operation stitched upward to 
defeat. reunion. A period of 150 days was allowed to elapse for 
degeneration. No union of the divided nerve took place and the 
muscles supplied by it remained completely paralysed. The muscle- 
fibres (in gastrocnemius and in the plantar muscles) were then 
examined. It was sought to ascertain whether the muscle-fibres inside — 
the spindles and outside the spindles had suffered from the degeneration 
in a similar or dissimilar manner. The ordinary primitive fibres 
composing the muscle were with scarcely an exception found altered 
almost beyond recognition. -The alteration offered the well-known 
characters, which may be shortly enumerated thus: (1) the muscle-fibres 
had from a diameter of 15 u-40 w dwindled to 4y-10 p; (2) their 
longitudinal fibrillation and their cross striping had altogether dis- 
appeared; (3) the hyaline masses representing the fibres were dotted 
with minute granules, many of them blackening with osmic acid ; 
(4) the continuity of most of the fibres was interrupted at short 
distances, Between the shrunken fibre-bundles intervened large clefts, 
containing fat droplets free or within cells. The blood vessels even 
to the minutest capillaries were remarkably engorged. As to the 
condition of the muscle-spindles of course all nerve-fibres had absolutely 
disappeared. In the periaxial space of the spindles lay fat either in 
cells or free: I have never seen fat in the muscle-spindles under 
normal circumstances, The muscular fibres in the spindles were not 
obviously altered from their normal; they measured 8y-25y in 
diameter, were well striated and fibrillated, and were not fatty. In all 
the spindles met with, this was the condition; I cannot assert that 
every fibre in every spindle had remained unaffected by degeneration 
but all the evidence I found was to that effect. The intrafusal fibres, 
originally the slenderest in the muscle, were become, owing to atrophy 
of the rest, the stoutest fibres present. The relation that holds 
between the ordinary muscular fibres and the motor-nerve does not 
therefore hold between the intrafusal muscle-fibres and the motor-nerve. 
Nor does the spinal ganglion take for the intrafusal muscle the place 
taken for the ordinary muscle-fibres by the ventral horn of the cord. 
The intrafusal muscle-fibres seem in regard to their nutrition to be 
largely independent both of the afferent and the efferent nerves of the 
muscle—if one may judge by absence of obvious degeneration 3 in them 
for five months after total enervation. 

Most of the spindles lie absolutely imbedded in the fleshy parts of 
the muscles; many abut upon intramuscular septa or are in the 
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immediate vicinity of aponeuroses. In these situations it is not rare 
to find two or.even three spindles almost touching one another. The 
arrangement recalls one common with the Pacinian corpuscles in the 
pelvic septa, but I have never seen a nerve-fibre traverse one muscle- 
spindle to reach a second, as is not unusual with Pacinian bodies. 
Sometimes a Golgi tendon-organ comes by one of its ends in contiguity 
with a muscle-spindle, My preparations prove that the myelinate 
nerve-fibres supplied to the Golgi tendon-organs are like 
those of the muscle-spindles all derived from the cells of the 
spinal root-ganglion. They also show that neither the muscle- 
spindles nor the tendon-organs receive any myelinated fibres ‘from 
the sympathetic system, for after extirpation of the spinal gan- 
glion together with section of the ventral (motor) spinal nerve- 
root all myelinate uerve-fibres to the muscle-spindles and 
Golgi tendon-organs degenerate and disappear. The capsule 
of the organs does not in seven or even twenty weeks suffer any obvious 
alteration, although in that time the nerve-fibres are completely broken 
up and removed. The number of nuclei in the Henle sheath and 
between the intrafusal fibres and in the azial-sheath appears to be con- 
siderably increased and the capillary vessels of the spindle are abnormally 
evident. 

I judge the number of spindle-organs in the limb muscles I have 
examined to be sufficient to account for nearly if not quite two- 
thirds of all the afferent nerve-fibres demonstrated to exist in the. 
nerve-trunks of those muscles. The muscle-spindles appear able to 
account only for the larger-sized nerve-fibres, namely those of 7 or 
more. It was shown above that about two-thirds of all the afferent 
fibres measure above 74 diameter. Of these I imagine that consider-. 
ably more than a half may be apportioned to the muscle-spindles, the 
majority of the rest belonging probably to Golgi’s tendon-organs, - I 
have not observed any of ‘the quite small aferent nerve-fibres entering 
a muscle-spindle; although the larger afferent nerve-fibre has the 
muscle-spindle for its terminal organ the small afferent fibres must 
therefore possess some other kind of ending. 

Judging from my preparations I imagine the spindle-organs to 
be relatively more numerous in the intrinsic plantar muscles than in 
the large muscles of the thigh, though they are plentiful in both © 
situations. In vastus medialis (internus) a large aponeurosis belongs to 
the distal fleshy portion of the muscle. Under this aponeurosis 
the spindle-organs are numerous; if the aponeurosis be 


Ye 
} 
; 
A 
vg 
| 
5 
~ 
a 
& 
a 
ig 
ae 
5 
“ 
ca ‘ 5 


§. SHERRINGTON. 


thoroughly separated however carefully I have always found 
the ‘knee-jerk’ irrevocably lost from the muscle. 

In the eye-muscles of the cat and monkey I have at present been 
unable to find any muscle-spindles of the usual type, though in the 
tendons of these muscles tendon-organs exist. Nor have I as yet found 
muscle-spindles in the intrinsic muscles of the tongue. To these points. 
I hope to return in a subsequent paper upon the muscular and nerve- 
fibres of these muscles themselves. 2 

I have entered here into the structure of these sensorial organs 
‘demonstrable in voluntary muscles, largely because a physiological 
inference clearly arises in the course of study of them, namely, that 
the stimulus to which these organs are specially adapted is 
mechanical in quality. In a previous paper’ I have given evidence 
that (1) to stretch a passive muscle causing lengthening and increased 
longitudinal strain in it is a remarkably efficient means of obtaining a 
discharge of impulses along its afferent nerves: also (2) that contraction 
of the muscle brought about by electrical excitation of its motor nerve- 
_ fibres only, even when the muscle lies cut loose from its attachments 
and free to change its shape without further load than a fraction of its 
own weight, can also cause a discharge of centripetal impulses. The 
muscle-spindle, supplied as above shown with special afferent nerve- 
fibres, does from its structure help to a conception of how both modes 
of excitation may mechanically affect the endings of the sensory nerves 
connected with the muscles. 


JV. Pale fibres of the nerves of skeletal muscles. 


Besides myelinate fibres there are in the nerves of skeletal muscles 
a number of pale fibres. They are however hardly so numerous as 
in the small cutaneous nerves. In cross sections of the plantar and 
dorsal digital nerves of the foot the pale fibres can be found forming 
strands 154—25y across islanded amid the mass of myelinate fibres. 
Collections such as these are quite infrequent in the muscular nerves 
of corresponding size. I have especially examined the pale fibres in the 
twigs from the nerve-trunks to vastus medialis, flexor longus digitorum 
and tibialis anticus. 

I have above given evidence that after extirpation of the lower 
lumbar prevertebral ganglia of the sympathetic no myelinate fibres are 
found degenerate in the muscular or cutaneous nerves of the lower 


1 Proc, Roy. Soc. Feb. 9th, 1893. 
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limb. Also that after excision of the spinal ganglia and motor roots of 
the post-thoracic nerves from the 3rd to the 9th inclusive no myelinate 
fibres remain sound in the nerves of the limb. It follows therefore that 
in the muscular and other nerves of the limb none of the fibres derived 
from the sympathetic are myelinate. All the sympathetic fibres 
in the muscular and other nerves of the limb are therefore 
included in the pale fibres. 

Not a few of the non-medullated fibres are larger than the smallest 
medullated; they measure (in fresh preparations) up to 54 diameter. 
They are here as elsewhere richly nucleate (sheath-nuclei), 8 —10 nuclei 
per 100 of length. They frequently branch, the branches being always 
so far as I have seen distinctly smaller than the parent fibre. The 
branching appears to be always by dichotomy. 

From the foregoing observations I conclude that in the lower limb 
and adjacent region all nerves of macroscopical size are as regards their 
myelinate fibres (1) mixed sensori-motor, or (2) purely sensory ; none 
purely motor. Some of the minute nerve-twigs within the skeletal 
muscles are however purely motor, but even there by far the greater 
number of the nerve-twigs are mixed, 7.e. sensori-motor. 


VY. The muscular nerves in an amyelous fetus. 


From further observations I would extend the same conclusions 
regarding root-ganglion nerve-fibres and striated muscle to all the 
spinal nerve-pairs. These observations are as follows. 

In cases of extreme spina bifida there may occur partial or complete 
absence of spinal cord or amyelia; the development of the spinal cord 
has presumably been so early arrested that at birth no vestige of it is 
discoverable or exists. Some of the neurological features of such a 
deformity have been described by Leonava'. In the instance examined 
by him no spinal cord could be found, but there existed nine pairs of 
spinal ganglia. From the five lowest of them descended trunks which 
formed a n. cruralis, and distributed themselves in a sacral plexus. The 
upper four gave nerves to intercostal spaces. The muscles of the lower 
limb were developed, and nerve-twigs were seen to enter them. Leonava 
remarks concerning the latter, “possibly it is a question here of sensory 
muscle-nerves*.” I find in the Museum of St Thomas’s Hospital a 
foetus preserved on account of presenting an extreme degree of spina 


1 Neurologisches Centralblatt, p. 218, 1893. 
S « Méglicherweise handelt es sich hier um sensible Muskelnerven,” loc. cit, p. 225. . 
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bifida. I have by the kind permission of our Curator, Mr Shattock, 
examined it carefully. The following is the condition existing. 


Fetus, of the 7th—8th month: body-length 31 centimeters. The left 
lateral half only has been preserved but the plane of section is such as to 
include the true medium plane in the preserved specimen. The specimen has 
been preserved in spirit and has been in the Museum for upwards of eight 
years. 

The bones, skin and muscles of the face and limbs, the ribs and intercostal 
muscles, and the skin of the chest and abdomen are well developed. The. 


layer of subcutaneous fat is very thick. Examined in the muscles of the | 


limbs, thorax and face the microscopic appearance of the muscular fibres is 
normal, The eyeball and external ear are normal in appearance, but there 
is no forehead, and no cranial vault. The contents of the orbit have been 
considerably damaged apparently before the specimen was preserved. Of the 
cranium only the basis cranii, and of the foramen magnum only the anterior 
wall exist. The number of vertebral bodies is normal throughout the cervical 
thoracic lumbar and sacral regions. The arches of the vertebre with the 
muscles and skin that should cover them are all completely wanting, so that 
the vertebral canal lies widely open along its whole length. The skin of the 


back stops short in the neighbourhood of the open canal and thins away 


toward the unclosed canal, finally ending short of it in a free edge. 

Brain and spinal cord are completely wanting. The spinal dura mater 
instead of forming a tubular sac is unclosed behind and forms a shallow gutter, 
along the middle of which extends a thin irregular membrane which appa- 
rently represents the spinal cord. A similar but thicker membrane represents 
the brain. On raising the lateral edge of the dura mater a complete series of 
well-developed spinal-ganglia are seen, which contain well-formed ganglion 
cells and myelinate nerve-fibres. From the central end of each ganglion’ 
passes a well-developed compact bundle of nerve-fibres, the size of which is 
proportionate to that of the ganglion. Each compact bundle pierces the dura. 
mater almost immediately, and then spreads into a long fan-shaped leash of 
filaments, which in the case of the lumbar sacral and thoracic nerves all turn 
upward and lie traceable for long distances upon the fibrous membrane which 
stretches along the mid-floor of the neural canal. Thus in the case of the 
1st sacral nerve I was able without dissection to trace one of these dorsal 
(sensory) root filaments as high as the 5th thoracic level. By dissection they 


could not be traced much higher than by mere inspection. I could trace 
none of them up to the top of the cervical region. I looked very carefully 


for evidence of any of the filaments of these roots running downward as well 
as upward, since Cajal and others have abundantly proved the bifurcation of 
the posterior root-fibres into ascending and descending stems. I could find 
no trace of any descending filaments, On the other hand of the dorsal 
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(sensory) roots of the nerves of the brachial region the filaments descend in 
large leashes. Thus I easily traced filaments of the 6th cervical root es low 
as the 5th thoracic vertebra. From these rvots it was not easy to find any — 
that ascended, they were so fine and few. 

From the distal end of each ganglion passes outwards a spinal nerve, 
which receives no ventral (motor) root. No trace of any ventral (motor) 
spinal roots exists either outside or inside the dura mater. The only nerve- 

‘bundles discoverable inside (#.¢. on the dorsal side of) the dura mater are those 
of the above described dorsal (sensory) root filaments. The dura mater itself 
is nowhere perforated except by the row of foramina in it through which the 
dorsal (sensory) roots run. 

The spinal nerves thus formed exclusively by the dorsal (sensory) roots 
proceed in the brachial and lumbo-sacral regions to make limb plexuses which 
differ in no particular of arrangement from the normal, except that some of 
the branches of the plexus appear disproportionately small. No named 
branches are absent from either of the limb plexuses. 3 

In the whole of the anterior and posterior limbs the usual muscular 
branches are all obvious to ordinary dissection and show myelinate nerve- 
fibres when examined microscopically. In the intercostal spaces and in the 
abdomen nerves can be readily followed into the intercostal and abdominal. 
muscles, The phrenic nerve is traceable from the diaphragm up through the 
thorax and neck to two filaments of origin, of which the larger comes from 
the 4th cervical ganglion, the smaller from the 5th ganglion. Among the 
muscular nerves traced may be specially mentioned the suprascapular, the 
posterior interosseous of the forearm, the nerves to serratus anticus (serratus 
magnus), pronator quadratus, the obturator trunk and its divisions and the 
nerve to obturator internus: the usual large nerve to psoas is traceable to the 
3rd and 4th lumbar ganglia. The only remark to be made as to the 
appearance of these and all the muscular nerves is that they seem somewhat 
disproportionately thin, but not very obviously so. 

I am unable to find the mird, rvth or vith cranial nerves but the condition 
of preservation of the orbit is bad. The optic nerve, the vth cranial, the 
auditory, the glossopharyngeal, and vagus are all easily found. The auditory 
nerve before it enters the petrous bone has a well-marked ganglion upon it. 
The vagus is a very large trunk and gives off exactly its usual branches, 
including recurrent laryngeal, cardiac and pulmonary. The hypoglossal trunk 
reaches the tongue and gives off a large leash of lingual twigs as well as its 
usual branches to stylogloseus, hyoglossus, geniohyoideus, geniohyoglossus, and 
thyrohyoideus. It gives off n. descendens noni as usual. Tracing the normal- 
looking nerve-trunk backwards however it seems to be almost exclusively 
formed by a branch from the 2nd cervical ganglion and another from the 
vagus below the vagus ganglion. I say almost, because a filament of it seems 
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traceable to the base of the skull posterior to the vagus exit and I then lose 
it. The accessory portion of the spinal accessory exists ; of the spinal portion 
inside the dura mater I can find no evidence. 

The prevertebral ganglia of the sympathetic, the cervical sympathetic 
trunk with its ganglia, the splanchnic trunks, dc. all exist and are normal in 
appearance, 


I do not enumerate the list of sensory nerve trunks to the various 
muscles of the limb, &c. all demonstrable in this foetus. It is sufficient 
to make the general statement that no muscular nerve in the 
limbs, trunk or neck was found wanting, although there 
existed not a single motor (ventral) spinal nerve-root in any 
segment. In view of present knowledge of the growth of the peripheral 
nervous system this must mean that all and each of the muscles 
of the limbs, trunk and neck receive abundance of myelinate 
fibres from the sensory root- ~ganglia. 

An instructive feature in the specimen is that, just as in Leonave’ 8, 
the striated muscles and their fibres revealed no obvious departure from 
the normal although the anterior cornual cells of the cord were non- 
existent. It is usual to suppose that the anterior cornual cells have a 
trophic influence on the fibres of their striate muscles. There is the 
well-known fact that destruction of the ventral cornual cells does after 
birth rapidly bring in train degeneration of the fibres of skeletal muscles. 
The “trophic” influence of the cells must therefore lie still in abeyance 
during the period of foetal life. Perhaps the muscular degeneration of 
later periods is more rightly apprehended as a result of forced inactivity 
in paralysed muscles accustomed to be active, and not strictly of loss of 
a pure trophic influence exerted upon them by nerve-cells. 

The specimen further demonstrates that the tissue of the neural 
crest, and that laid down for the sympathetic ganglia, are each capable 
of progressing to full development altogether independently of, and in 
spite of, actual destruction of their parent tissue of the medullary 


candl, 


VI. Remarks on the physiological condition of the nerves _ 
and muscles, the ventral-root fibres being degenerated. 


The muscles become extremely wasted. Thus: forty-two days after 
section of the ventral roots (and dorsal roots proximal to ganglia) of 
6th, 7th, 8th, and 9th post-thoracic nerves of Cat, gastrocnemius and 
soleus weighed hardly more than one-half their weight on the normal 
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side. The muscles retained their faradic contractility, and in none of 
the similar experiments have I ever found the faradic contractility 
wanting. Moreover the muscles have never exhibited marked fatty 
degeneration: although the eye-muscles 30 days after section of the 


ilrd cranial were markedly fattily degenerated. Onset of rigor mortis 


is delayed in the muscles, | 

On applying fairly strong (easily perceptible by tongue) faradic 
currents to the nerves of the muscles no reply was detected in them, 
although on the normal side strong contraction was produced by currents 
not perceptible to the tongue. On applying very strong currents (un- 
bearable or hardly bearable by tongue) especially of fairly rapid repeti- 


_ tion, e.g. 50 per sec., a peculiar contraction of the muscles was elicited, 


The most striking instance of this kind was obtainable quite constantly 
from the sciatic nerve. This trunk, as it issues from pelvis in Cat and 
Monkey, consists of three large nerves, the peroneal, the tibial, and the 
division to the hamstring muscles, Excitation of the peroneal high up 
under quadratus femoris gives slow, feeble, but steady dorso-flexion of 
ankle and sometimes extension of toes; the movement may continue 
5” after cessation of the application of the current, and then the joints 
slowly return to their previous position. The steadiness of the move- 
ment is maintained under slow rates of interruption of current which 


give clonus in the sound limb. Similar excitation of the tibial nerve 


under quadratus femoris gives similar slow feeble plantar flexion of 


ankle and sometimes of digits, persisting a short time after withdrawal | 


of current, and slowly subsiding. Crushing the nerves by ligation a 
couple of centimeters peripheral to point of application of electrodes 
stops the phenomenon. Regarding escape of current, the point of 
application of the electrodes is 200 mm. and more from the point at 
which the nerves excited enter the muscles involved. The phenomenon 
is not obtained after excision of the ganglia as well as section of the — 
ventral roots, It is tempting to relate it to the intrafusal muscle-fibres. 
The phenomenon has nothing to do with regeneration of fibres in the 
peripheral nerves because it is elicitable where no regenerate fibres are 
detectable, and the contraction obtained through even a few regenerate 
fibres is far more brisk, and strikingly different in character. It appears 


related to the “ pseudo-motor reaction” described by Heidenhain in 


the case of the tongue muscles after section of hypoglossal nerve. 


The two questions put at outset of this Paper are therefore answered 
thus: (1) among the fibres in the nerves of vastus medialis and the 
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hamstring muscles from a third to a half are afferent, and these are 
fibres varying from 2u—20yu diam., (2) although vastus medialis is so 
peculiarly related. to the “knee-jerk,” and has in its nerve-trunk both 
the afferent and efferent fibres for the spinal arc with which the “jerk” 
is closely bound, the anatomical constitution of its nerve does not 
appreciably differ from that of the other divisions of — femore - 
not similarly related to the “ jerk.” 


VII. Remarks on recurrent fibres and cael ganglion 
cells in the ventral (anterior) spinal nerve-root. 


After section of the ventral (motor) root a few nerve-fibres 
degenerate on the cord side of the section, and not quite all fibres 
degenerate on the peripheral side of the section. The fibres which do 
not conform with the rest of the ventral root must afford the basis of 
the well-known recurrent sensibility of the motor root, traced by 
Bernard and Schiff to the dorsal (posterior) root. Joseph however 
found no recurrent fibres in the root of the 2nd cervical nerve. In my 
preparations I have had opportunity to study the anatomy of the 
recurrent bundle in the lumbo-sacral of Monkey and Cat. In most of 
the lumbo-sacral roots I have however found it a very obvious though 
somewhat scattered collection of fibres. In one instance I found none 
in the root of the 6th lumbar nerve. Many of the recurrent fibres are 
traceable as the excitation experiments had indicated from the sensory 
root, They emerge from it near the distal end of the ganglion. The 
fibres range between 2u and 19y diameter. The majority are detached 
from the sensory root as a compact bundle, and remain little scattered 
for some distance within the motor root. The bundle consists of 5—40 
fibres. I have not seen more. Besides the bundle there exist a few 
scattered fibres for the most part small. I am not sure that these are 
derived from the (posterior) root. The number of recurrent fibres 
appears roughly proportionate to the size of the root, a large root 
contains more than a small, eg. 16 recurrent fibres in the 9th. sub- 
thoracic root, 38 in the 8th root. 

As first pointed out by Schafer a certain number of ganglion cells 
exist in the ventral (motor) roots of the lumbar region of the Cat. I 
find such also in the Monkey. Cells exist similarly in the root of the 
liird cranial (Rosenthal, Reissner). I find that some of Schafer’s 
cells lie in close proximity to the recurrent fibres, and I have specimens 


in which such cells*lie actually in the recurrent bundle. The cells are 


for the most part arranged in short rows so that in serial sections four 
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or five crop up one after another at the same point in succeeding 
sections, The cells resemble closely the smaller cells of the spinal 
- ganglion, they range in size from 30u—46y. It is natural to connect 
the presence of the fibres with the cells; but in many cases the cells are 
situate quite distant from the recurrent fibres, and I have failed in 
many trials to trace a myelinate fibre distinctly to and frum a cell by 
following the series of sections. In one instance I found the recurrent 
fibres in the 5th lumbar root extremely few, only six fibres. The 
ganglion cells were also few, but I counted eight of them, «.e. more cells 
than fibres. It is possible that some of the cells are sympathetic, and 
many of them lie close under the connective tissue-sheath of the nerve 
root. Reissner has suggested that the cells in the motor oculi root 
are sympathetic, It is not always easy to distinguish sympathetic cells 
from those belonging to the spinal ganglion, e.g. the cells of the biliary 
ganglion closely resemble those of spinal ganglia. I am inclined to 
connect some of the smaller and more scattered of the recurrent fibres 
with the few small fibres found undegenerate in, or close beneath, the 
sheath of the segmental nerves after section of both spinal roots distal 
to the spinal ganglion. Those fibres it appears probable are of sympa- 
thetic origin. | | 


VIII. Summary of Conclusions. 


, Soine conclusions from the above observations may be seriandantald 
thus: 

1. In a muscular iacvesronk: from one-third to one-half of the 
myelinate fibres are from cells of the spinal root-ganglion. 

2. These fibres range in size (in fresh preparations) from 1‘5y to 
diam. 

3. The largest of them are , not the largest fibres in the muscular 
nerve-trunk; the largest in the nerve-trunk come from the ventral 
(motor) root. 

4. The largest root-ganglion fibres in the muscular nerve are. larger 
than any fibres in the cutaneous nerves of the limb and than any in the 
articular nerves examined. | 

5. The smallest myelinate fibres in the muscular nerve are for the 
most part, perhaps entirely, root-ganglion fibres. 

6. Macroscopic nerve-trunks are as regards their myelinate fibres 
in no case purely motor, all are sensori-motor or purely sensory. Such 
nerves as phrenic, hypoglossal, recurrent laryngeal, posterior interosseous 
contain abundance of fibres from sensory ganglia. 


vas 
e . 
AR 
f 
Be 
m 
a 
i 
a 
2 


256 8. SHERRINGTON. 
7. For the root-ganglion fibres in the muscles a special end-organ 


exists, this is the so-called “ muscle-spindle ” (Kiihne). 


8. The muscle-spindles lie numerously imbedded in the muscular 
tissue, and are especially frequent in the neighbourhood of aponeuroses, 
tendinous intersections and tendons. 

9. The majority, perhaps all, the larger root-ganglion fibres in the 
muscular nerves terminate in “muscle-spindles” ; the small nerve-fibres 
do not appear to end in spindle-organs; some seem to terminate after 
branching in free fibrils. 

10. After section of the nerve supplying the muscle the muscle- 
fibres inside the spindles do not degenerate like the fibres composing 
the rest of the muscle, 

11. The skeletal muscles and their primitive fibres can attain a 
very complete structural development in absence of the spinal cord and 
its roots. 

12. The peripheral limb-nerves contain no myelinate fibres derived 
from the sympathetic system; but they contain large numbers of pule 
fibres ; all their sympathetic fibres must therefore be among these. 

13. In the lumbo-sacral region there exist recurrent fibres in the 


ventral spinal root as shown in other regions by Waller, Schiff, ete. 


14. Schafer’s ganglion cells in the ventral spinal root, although 
many of them lie in proximity to the recurrent sensory bundle in the 
root, do not for the most part appear to be connected with those fibres. 

15. In the lumbo-sacral nerves near their commencement exist a 
few minute and scattered myelinate fibres which do not degenerate 
after section of the nerves at their origin; the fibres appear related to 
the sheaths of the nerve-trunk, and may be “sympathetic.” 

16. All the fibres of the dorsal (posterior) spinal roots of the sacro- 
lumbar nerves remain sound (apart from traumatic degeneration for a 
few millimeters) on the distal (ganglionic) side of a section carried out 
between the ganglion and the cord; all on the spinal side degenerate. 

17. Four to seven weeks after excision of the spinal root ganglia 
large numbers of minute myelinate nerve-fibres (less than 4) exist in 
the proximal (spinal) end of the dorsal (posterior) spinal root; these 
fibres resemble regenerate fibres. 


PLATES V. VI. VII. 


Fig. 1. Spinal root-ganglion fibres in a large branch of the hamstring 
nerve to the medial hamstring muscles (Monkey). Fifty-two days degenera- 
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_ tion allowed after section of the 5th, 6th, 7th, 8th and 9th post-thoracic 
ventral and dorsal spinal roots, the latter cut proximal to their ganglia. 

Fig. 2. Spinal root-ganglion fibres in a branch to tibialis posticus and 
flexor digitorum longus (Cat), 6th, 7th, 8th and 9th post-thoracic ventral and © 
dorsal spinal roots severed, the latter proximal to ganglia. Forty-nine days 
degeneration allowed. 

Fig. 3. Spinal root ganglion fibres in a branch from hamstring nerve to 
biceps femoris ; fifty-eight days after section of 6th, 7th, 8th and 9th post- 
thoracic ventral and dorsal spinal roots, the latter proximal to ganglia. A 
small nerve-twig to left hand consists only of large root-ganglion fibres. 

Fig. 4. Twig from “knee-jerk” nerve (vastus medialis). All except 
root-ganglion fibres removed by forty-two days degeneration. A smaller twig 
shows very little sclerosis and contains large and small myelinate fibres. 

Fig. 5. Twig to femoralis, normal (Monkey). 

Fig. 6. Corresponding opposite nerve from same monkey ; spinal root- 
ganglion fibres alone left. 3rd, 4th, 5th and 6th post-thoracic ventral and 
dorsal spinal roots cut, the latter proximal to ganglia. Fifty-four — 
degeneration allowed. 

Fig. 7. Twig to seminembranosus, normal (Cat). 

Fig. 8. Corresponding from opposite side, on which the 6th, 7th, 8th 
and 9th post-thoracic spinal ganglia and ventral roots had been excised thirty- 
four days. No myelinate fibres left. 

Fig. 9. Corresponding twig from another cat of about the same size as 
preceding, in which 6th, 7th, 8th and 9th post-thoracic ventral and dorsal 
spinal roots had been cut, the latter proximal to ganglia. — days 
degeneration allowed. 

Fig. 10. Nerve to vastus medialis and adjoining part of femoralis 
(Monkey). Knee-jerk nerve. Normal. 

Fig. 11. Corresponding nerve of opposite side, the 3rd, 4th, 5th and 6th 
post-thoracic veutral and dorsal spinal roots having been cut, the latter 
proximal to ganglion. Thirty-five days degeneration allowed. 

Fig. 12. Flexor digitorwm brevis muscle (Cat) ; root-ganglion fibres only 
remaining. 6th, 7th, 8th, and 9th post-thoracic ventral and dorsal spinal 
roots severed, the latter proximal to ganglia. Thirty-five days allowed for 
degeneration. Small intra-muscilar nerve-twigs in cross section; from the 
smaller of these (purely motor) all myelinate fibres have disappeared, from 
the larger all but two (one 16y, one 2y). Near the smaller twig a small 
artery. Further to the right and above is the commencement of a “ muscle- 
spindle ;” into the capsule of this the large fibre seen in middle of figure was 
traceable in the series of sections made. 

Fig. 13. Gracilis muscle, Monkey ; ‘tiie fibres only remaining. 
Muscle-spindle containing eight muscle-fibres: near it a “spindle nerve” 
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containing five large myelinate fibres; also a motor nerve ‘feos which’ all 
pa ier fibres have disappeared. The periawial space is well seen. — 

- Fig. 14. Adductor hallucis muscle (Monkey). 6th, 7th, 8th and 9th 
poi-dhoieenia ventral and dorsal spinal roots severed, the latter proximal to 
ganglia, Fifty days degeneration allowed. A compound “ muscle-spindle” 
in cross section near one of its poles. Three large muscle-fibres and five small 
inside the spindle, A large thinly myelinate nerve-fibre is seen cut twice, 
obliquely, in the capsule of the organ. 

Fig. 15. Vastus medialis muscle (Cat). 4th, 5th, 6th ‘ond 7th post-— 
thoracic ventral and dorsal spinal roots severed, the latter proximal to 
ganglia. Sixty days degeneration allowed.. Muscle-spindle through its prow- 
mal polar region containing three large and six small muscle fibres. A large 
- root-ganglion fibre lies in the outer part of the capsule of the organ, a smaller 
myelinate fibre lies close to the muscle-fibres in the core of the organ. ° 
_ Fig. 16.. Biceps femoris (Cat). 6th, 7th, 8th and 9th post-thoracic 
ventral and dorsal spinal roots cut, latter proximal to ganglion. 106 days 
degeneration allowed. A ‘“muscle-spindle” in cross section through its 
equatorial region. Three thinly myelinate nerve-fibres obliquely cut in the 
periaxial space. Nine muscle-fibres and two non-myelinate terminal nerve- 
fibres seen in core. The delicate tissue in the pertaxial lymph space is visible. 
Fig. 17. Semimembranosus muscle (Monkey). 6th, 7th, 8th and 9th 
- post-thoracic ventral and dorsal spinal roots severed, latter proximal to 
ganglia. Fifty days degeneration allowed. A “muscle-spindle” in cross 
section through the equatorial region. Two myelinate fibres cut obliquely in 
the thickness of the capsule of the spindle ; three cut fairly transversely just 
within the periaxial lymph-space. Six muscle-fibres and two non-myelinate 
nerve-fibres cut transversely within the core of the organ. 

Fig. 18. Interosseous plantar muscle (Cat). Compound “ muscle-spindle sg 
in distal polar region not far from junction with equatorial region. One 
division of the spindle contains eight muscle-fibres, the other nine muscle- 
fibres. In the smaller division a myelinate fibre is seen in transverse section, 
in the larger a myelinate fibre curves across from the centre to the periphery 
of the intrafusal bundle. At one side of the spindle lies a large solitary 


“spindle” nerve-fibre enclosed in a eo loosely-fitting sheath of 
Henle. | 


For much assistance in the preparation of the 1h aa .: 
-have to thank the kindness of Mr A. F. Stanley Kent. 
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STUDIES IN PHLORIDZIN GLYCOSURIA. By P. A. 
LEVENE, MD. 


(From the Department of Physiology of Columbia College at the 
College of Physicians and Surgeons, New York.) — 


THE glycosuria that appears after the use of phloridzin raises many 
points that are of value in elucidating the subject of sugar formation. 
This drug produces a glycosuria which, as all agree, is due to increased 
production and not to diminished consumption of sugar within the 
organism, and has its source in the proteids of the body. 

Further, phloridzin glycosuria upsets the idea of the exclusive or 
_ predominating activity of the liver in sugar formation, and has attracted 
the attention of physiologists to the part played by the kidneys in 
producing diabetes. 

Phloridzin glycosuria has been produced after extirpation of the liver 
in geese (Thiel’), after ligature of the hepatic duct (Wolkow) and 
after fatty degeneration of the liver (v. Mering). Diabetes as a result 
of kidney disease was first asserted by C. Schmidt in 1850. Since 
then the co-existence of diabetes and albuminuria has been frequently 
brought forward. Armani and Farraro have described hyaline 
degeneration in the epithelium of Henle’s sheath, and Ebstein has 
found necrosis in the epithelium of the convoluted tubules. | 

In a remarkable research Ehrlich described glycogenic degeneration 
of the epithelium of the tube of Henle, and Straus in the main 
confirmed the observation. Both regarded the degeneration as a 
secondary one. 

v. Mering was the first to suggest the participation of the kidneys 
in the production of phloridzin glycosuria. Minkowsky advanced the 
explanation that phloridzin was decomposed in the kidneys, and that the 

phloretin thus liberated became again united to sugar in the organism, 


1 See bibliography at end of article. 
17—2 


_ 
4 
4 
Pe 
wg 
a 
x 
% 
ay 
x 


260 P. A. LEVENE. 


the compound so formed being again broken up in the kidneys. 
Uschinsky also urges strongly that the kidneys participate actively 
in the production of diabetes, though in my opinion he goes too far 
when he suggests that they do so in all forms of that disease. 

In order to solve more exactly the problem of the part played by 
the kidneys in the formation of glycosuria I undertook during the past 
year a series of experiments upon the action of phloridzin on dogs. In 
all cases the phloridzin was administered hypodermically and during all 
operations referred to in this paper ether was used as an anaesthetic. 
I began by giving the drug and repeating the operation. of ligating 
the blood vessels of the kidneys. I estimated the sugar in the blood 
of the carotid artery before and after the operation, which was performed 
by means of the lumbar incision. The separation of the proteids of the 
blood was accomplished by a saturated solution of sodium sulphate. To 
80 c.c. of a saturated solution of sodium sulphate was added directly 
from the blood-vessel about 20 grammes of blood. (The amount of 
blood was determined by weight.) A few drops of acetic acid were 
added, and the mixture was heated until all the proteids were 
coagulated. The mass was then filtered; the precipitate was washed 
with a hot saturated solution of sodium sulphate; and the washings 
and filtrate were tested for proteids and albumoses.. They were usually 
absent. The sugar was then determined by the usual volumetric 
method with Fehling’s solution. 7 

My experiments have fallen naturally into four groups. 


Group A. 


This group comprises the experiments on the effect upon the sugar 
of the blood of ligation of the renal blood vessels after the administration 
of phloridzin. 


Exp, I. Dog, 5:8ks. in weight. Blood was taken from the carotid 
artery and the amount of sugar in it was found to be 0:120°/, 1:5 grs. of 
phloridzin were then injected. At 10 a.m. of the next day the amount of 


_ sugar in the blood of the carotid was 0:089°/,. The blood vessels of both | 
kidneys were then tied. At 4 p.m. the blood was again examined and the 
amount of sugar was found to be 0:078 °/,. : 

Exp. II. Dog, 56 ks, in weight. The carotid blood in its normal state 
contained 0°170°/, of sugar. 0°75 gr. of phloridzin was injected. On the 
next day the amount of sugar in the blood was 0°109°/.. The dog had 

eliminated in the meantime 160 ¢.c. of urine of sp. gr. 1050 and containing 
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3°3°/, of sugar. The blood vessels and ureters of both kidneys were ligated 
in the morning at 10 o’clock. At 5 o’clock p.m. the blood was again 
_ examined and 0:121°/, of sugar was found. 

Exp. III. Dog, 6:7 ks. in weight. The carotid blood in its normal state 
contained 0°101°/, of sugar. 1 gr. of phloridzin was injected. On the next 
morning the blood contained 0°106°/, of sugar. In the meantime the dog 
had eliminated 800 c.c. of urine of sp. gr. 1050 and containing 6°25°/, of 
sugar. The blood vessels of both kidneys were ligated at 10 o’clock a.m.; 
at 4 o’clock p.m. the amount of sugar in the blood was 0°209 %/,. 

Exp. IV. Dog, 1:56 ks. in weight. At 9 a.m. the normal carotid blood 
contained 0-087 °/, of sugar. The blood vessels of both kidneys were then 
ligated and 2 grs. of phloridzin were injected at once. At 5 p.m. the blood 
contained 0-075 °/, of sugar; at 9 a.m. on the next day 0°064°/.. : 

Exp. V. Dog, 5:7 ks. in weight. The blood was tested for sugar; then 
the blood vessels of both kidneys were ligated and 1 gr. of phloridzin was 
injected immediately. The normal blood contained 0:093°/, of sugar; the 
blood after the operation 0°093°/,. 

Exp. VI. Dog, 5:7 ks. in weight. 1 gr. of phloridzin was — after 
ligation of the blood vessels of both kidneys. 

Sugar in the blood before the operation = 0°169°/,. 
after = 0:147°,. 

Exp. VII. Dog, 1°374 ks. in weight. 1:5 gr. of phloridzin was injected 
after ligation of the blood vessels of both kidneys. 

Sugar in the blood before the operation = 0°119°/... 
after = 0°102°,. 


The results of the — may be summed up in tabular form 
as follows :— 


Percentage quantity of sugar in blood. 


| Blood after ligation 

Blood after of renal vessels 

Exp. Normal blood phloridzin and phloridzin 
L 0-120 0-089 0-078 
II. 0-170 0-109 0-121 
0-101 0-209 
0-075 
Vv. 0-093 0-093 
VI. 0-169 0:147 
VIl. 0-119 0-102 


Discussing these results we find that in one case after ligation of 
the blood vessels of the kidneys a decrease of the quantity of sugar in 
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the blood took place ; in two other cases, an increase. This latter result 
coincides with that obtained by Minkowsky and seemingly corrobo- 
rates his theory. But against this theory the following objections may 
be raised: first, that Minkowsky himself has obtained an increase of 
sugar beyond the normal after the extirpation of the kidneys; conse- 
quently there is not, as he claimed, simply a restoration of sugar to its 
normal state; and, second, that if the essence of phloridzin glycosuria 
actually consists in a simple elimination of sugar from the blood, we are 
not to expect a decrease of sugar after excluding the kidneys from the 
general blood circulation by the ligation of their blood vessels, and 
subsequent phloridzin injection. In Experiments IV—VII, however, I 
obtained a decrease of sugar even when the phloridzin had been 
injected after the ligation of the blood vessels. The tendency of the 
above experiments is hence against the “elimination” theory. Further 
the extirpation of the kidneys or the tying of their vessels is not to be 
regarded as an operation that leaves the other processes of the organism 
in their normal state. On the contrary, the changes involved were so 
profound that the animals survived less than two days. Evidently from 
the nature of the operation we have to be very cautious in drawing 
conclusions. Hence, the share of the kidneys in phloridzin glycosuria 
must be studied by other means. And it seemed to me that a compari- 
son of the amounts of sugar in the arterial and the venous blood of 
the kidneys might throw light upon the “ elimination” theory. 


Group B. 


This group comprises the results of comparison of the amounts of 
sugar in the blood of the renal artery and the renal vein after the 
administration of phloridzin. 


Exp. I. Dog, 12 ks. in weight. 1°5 gr. of phloridzin was injected. On 
the third day afterward another injection of 0°5 gr. was made. On the fourth 
day cannulae were inserted into the right renal artery and the left renal vein, 
and blood was drawn for examination. 

Amount of sugar in the arterial blood = 0°136 °/,. 
» venous , = 0°143°/,. 


Exp. II. Dog, 10 ks. in weight. 1 gr. of phloridzin was injected. On 
the next day the blood of the left renal artery and right renal vein was 
examined, 

Amount of sugar in the arterial blood = 0:150°/,. 
» Venous ,, = 
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Exp. III. Dog, 8°8 ks. in weight. 0-5 gr. of phloridzin was — 
On the next day the blood was taken from the left kidney only. 
Amount of sugar in the arterial blood = 0-098°,. 


Exp, IV. Dog, 21-4 ks. in weight. 2 grs. of phloridzin were injected. 
During the first day he eliminated 500 c.c. of urine of sp. gr. 1050 and 
containing 5°/, of sugar; during the second day 1000 cc. of urine of 
sp. gr. 1060 and containing 5°/, of sugar. On the third day the renal blood 
Amount of sugar in the arterial blood = 0:118°%,. 
»  Wwenous , = 


Exp. V. A large dog, had been unusually long under ether. 1:5 gr. of 
phloridzin was injected. During the first day he eliminated 1135 c.c. of 
urine of sp. gr. 1020 with 4°/, of sugar; on the second day 100 c.c. of urine. 
The renal blood was examined on the third day. 

Amount of sugar in the arterial blood = 0-098 °/,. 
‘i venous ,, = 0-103%,. 


Exp. VI. A large dog, had been unusually long under ether. 1 gr. of 
phloridzin was injected. He eliminated during the day 450 c.c. of urine of 
sp. gr. 1060 with 4:15°/, of sugar. On the second day the renal blood was 
examined, 

Amount of sugar in the arterial blood = 0°119°/,. 
” ” » venous , = 0121 le 


Exe. VIL Dog, 11 ks. in weight. 1 gr. of phloridzin was injected 
During the first day he eliminated 420 c.c. of urine of sp. gr. 1020 and 
containing 5°/, of sugar. During the second day he eliminated 325 c.c. of 
urine of sp. gr. 1060 and containing 7°/, of sugar. On the third day another 
injection of 0:5 gr. of phloridzin was made. During the third day he 
eliminated. 325 c.c. of urine of sp. gr. 1070 with 10°/, of sugar. On the 
fourth day the renal blood was examined. 

Amount of sugar in the arterial blood = 0-160 °/,. 
» venous , = 

Expr. VIII. Dog, 10 ks. in weight. 1 gr. of phloridzin was injected. 
In the morning of the next day another injection of 0-5 gr. of phloridzin was 
made. In the afternoon the renal blood was examined. 

Amount of sugar in the arterial blood = 0:109°/,. 


Exp. IX. Dog, 18-5 ks. in weight. 1 gr. of phloridzin was injected. 
On the next morning another injection of 0°5 gr. of phloridzin was made. 
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During the day the dog eliminated 350 c.c. of urine of sp. gr. 1060 with 
3°3°/, of sugar. The renal blood was examined on the second day. 
Amount of sugar in the arterial blood = 0°127°/,. 
» venous , = 0°132°/,. 


The results are here grouped in tabular form: 


Comparison of percentage amounts of sugar tn blood of renal artery 
and renal vein after administration of phloridzin. 


Exp. Renal arterial blood Renal venous blood 
I. 0°136 0°143 
II. 0-150 
0:098 0°12] 
IV. 0-118 0°122 
0-098 0°102 
VI. 0-119 0-121 
VIl. 0°160 
VIII. 0-133 
IX. 0:127 0-132 


The theory of von Mering and Minkowsky teaches us to expect a 
loss of sugar from the blood in passing through the renal circulation. 
In the above experiments no loss occurred except in one case (Exp. VIT) 
and this lay within the limits of error. In Experiments III and VIII 
on the contrary the amount of sugar in the vein was considerably greater 
than that in the artery. It may be possible to explain these results by 
_ the supposition that the blood after yielding part of its water for the 
formation of urine leaves the kidney in a more concentrated state. But 
I have not noticed any relation between the amount of urine eliminated 
and the increase of sugar in the venous blood. The results hence speak 
against the “elimination” theory. | 

I sought next to obtain more facts concerning the activity of the 
kidneys in the production of sugar. To this end I considered it of 
value to compare the amount of sugar in the kidney itself before 
and after the administration of phloridzin. In two cases I extirpated 
one kidney, then injected phloridzin, and on the next day determined 
the amount of sugar in the second kidney. In other animals I 


ascertained the amount of sugar after the injection of phloridzin 
only. 


Group C. 
This group gives the results of comparison of the amounts of 
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_ sugar in the normal kidney and in the kidney after the — of 
phloridzin. 


ey after injection 
Normal kidney ra f phloridzin 
Amount of 
We of dog _ phloridzin in- Percentage Percentage 
xp. inkilos jectedingrs. Wt.ingrs. ofsugar Wt.ingrs, of sugar 
I, 8-7 1:0 43°0 0:102 35°0 0°221 
II. 13°7 1:0 45-0 0-169 41:0 0-216 
ITT. 0°75 +0°5 40:5 0-200 
IV. 11:1 10+0°5 31°0 0°550 
10°2 10 — 42-0 0°145 
(fasting) 
VI. 


155 $408. 57-0 0-281 


These experiments indicate that after the injection of phloridzin the 
amount of sugar in the kidney may be very considerable and that it 
is at least greater than in the normal kidney. This latter fact indicates 
that in relation to the elimination of sugar the kidneys do not serve as 
a simple filter; it can be explained only by supposing an active produc- 
tion of sugar by them. This is not improbable. For they may under- 
go the same general nutritive changes as any other tissue of the body ; 
and Paschutin has proved by a number of experiments that a tissue 
or organ may undergo carbohydrate degeneration, after its nutrition has 
been disturbed. Even in the brain, which in its normal state contains 
no carbohydrates, Paschutin found a considerable quantity of glycogen 
after artificial inflammation. Further, as already mentioned, Ehrlich, 
Straus and many others have been able to prove the presence of 
glycogen in the kidneys in diabetes only; and Straus failed to obtain 
it when he experimentally produced a hyperglycaemia. There hence 
appears little doubt as to. the active part of the kidneys in the produc- 
tion of phloridzin glycosuria. 

But now there arises the question, whether the kidneys s are the only 
place of increased production of sugar during the action of phloridzin, 
or whether other organs play a similar rdle. Theoretically either 
opinion is admissible. We have just cited Paschutin’s experiments by 
which he proves the possibility of an increased production of carbo- 
hydrates by any organ. It is evident that these carbohydrates may be 
eliminated in the form of sugar. There are, indeed, a great many cases 
of glycosuria which accompany certain local diseases. Diseased kidneys 
may be more prone than other organs to produce glycosuria since they 
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eliminate sugar more dil But, on the other hand, we cannot deny 
that diseased organs may produce poisons which would disturb the 
metabolism of the whole body so as to result in a secretion of sugar. 

‘As to phloridzin diabetes almost all authorities ascribe to the kidneys 
only, as opposed: to other organs, the causation of glycosuria. And von 
Noorden in his latest book says: “Es ist schon erwahnt, dass der 
Angriffspun kt des Giftes in den Nieren zu liegen scheint, dass Phlorid- 
zin sie der Fahigkeit beraubt, die normalen Zuckermengen des Blutes 
zurtickzuhalten. Mit dieser Erkenntniss hat der Phloridzin-Diabetes 
die Berechtigung verloren der Zuckerkrankheit des Menschen an die 
Seite gestellt zu werden.” But very recently Cornevin after injection 
of phloridzin also found an increased secretion of sugar in the milk. 
Consequently in phloridzin glycosuria the kidneys are not the only 
organs. 

This matter can be treated satisfactorily, however, only by a study 
of the sugar in all the organs together with an examination of the entire 
metabolism of the organism. 

The general metabolism during phloridzin glycosuria has been 
investigated. Thus von Mering and Moritz and Prausnitz have 
found an increased nitrogen elimination; Quinquaud and Uschinsky 
do not concur in this result but find nitrogen excretion rather di- 
minished: Furthermore, it is certain that the amount of eliminated 
sugar is not dependent upon either the quantity or the quality of the 
food. Sugar appears after continuous fasting also, when the i ance 
is impoverished in carbohydrates. 

As to the chemical analysis of the tissues but little has been done in 
phloridzin glycosuria. The changes of glycogen in the liver and the 
muscles have been investigated by von Mering and Prausnitz, Lastly, 
as we have seen, investigations of sugar in blood have been made after 
the injection of phloridzin only (von Mering), after phloridzin injection 
and ligation of the ureters or blood vessels of the kidneys (Uschinsky), 
and after phloridzin injection and extirpation of the kidneys (Minkow- 
sky). As already mentioned, von Mering after three determinations 
of the sugar in the blood propounded his “elimination” theory. | 

In order to ascertain whether phloridzin glycosuria derives its sugar 
simply by impoverishing the blood, or whether more profound changes 
take place in the tissues, I undertook some analyses of the blood; 
I examined the amounts of water, solids, sugar, proteids, ethereal extract 
fat, cholesterin, and lecithin. 
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Group D. 


This group contains the results of analysis of the blood of dogs before 
and after the administration of phloridzin. 


Exp. I. A dog, 9°8 ks. in weight, was fed daily for some days before and 
during the experiment with 250 grs. of meat free from fat. Some blood was 
taken from the carotid artery and analyzed; 1 gr. of phloridzin was then 
injected. On the next day another injection of 0°5 gr. of ee was made. 
On the fourth day the blood was again examined. i : 


The results of the nnalyees are shown in the following table : 


Before injection After injection 
of phloridzin of phloridzin 
Water 799: 

Solids 240 ,, 2071 -,, 
Glucose , 0°143 ,, 
Proteids 

Serum globulin 34 
Fat, cholesterin and lecithin 0:33 


Exp. II. A dog, 18 ks. in weight, received on the days before and 
after the first examination of blood 400 grs. of meat. After an examination 
of the blood 1°5 gr. of phloridzin was injected. On the next day 0°5 gr. of 
phloridzin was injected. On the third day the blood was again examined. 
The results of the analyses are as follows : 


Before injection After injection 
of phloridzin of phloridzin 

Solids 
Glucose 0113 ,, 
Proteids 200 ,, 
Serum albumen 145 
Serum globulin 
Fat, cholesterin and lecithin 0-31 ,, 0-35 ,, 


Exp. III. A dog, 21:4 ks, in weight, received about 800 grs. of meat on 
the days before and after the examination of the blood. After the first 
examination of the blood 2 grs. of phloridzin were injected. On the third day 
a second examination of the blood was made. The results of analyses are as 


follows : 
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Before injection After injection 
of phloridzin of phloridzin 
Glucose 0-114 °, 0-121 °/, 
Serum globulin 4°35 ,, 


Exp. IV. A dog, 16:5 ks. in weight, received before the examination 
280 grs. of meat. After the first examination of the blood 1°5 gr. of 
phloridzin was injected. On the next day the dog received 120 grs. of meat ; 
on the third day 250 grs. Here are the results; 


ldayafter days after 

Before injection injection of injection of 
of phloridzin phioridsin oridzin 

Glucose 0-210 0-131 °/, 0-223 
Proteids 220, 195, 
Fat, cholesterin and lecithin 0°36 ,, O30 , 0°36 ,, 


Exp. V. A dog, 10°6 ks. in weight, fasted two days before and during 
the experiment. After the first examination of the blood 1-5 gr. of phloridzin 
was injected. Here are the results: — 


1 day after — 2 days after 
Before injection — injection of injection of 
of phloridzin phloridzin phloridzin 
Glucose °/, 0-114 °/, 0°150 °/, 
Proteids 22:85 ,, 193, 
Fat, cholesterin and lecithin 0:29 ,, 0:33 ,, 


Summing up the results of the above experiments and comparing 
them with those found for spontaneous diabetes, we find by experiment 
with phloridzin almost a constant decrease of the general amount of 
proteids and a varied relation between the serum albumen and the 
serum globulin. Serum albumen is usually decreased in quantity ; 
serum globulin increased. These results are important inasmuch as 
they tend to show increased decomposition of the proteids in the body. 
This relation is also observed in fasting. The possibility of fasting in 
the above cases is excluded, however, by the fact of food having been ~ 
given to the animals throughout the experiment, except in No. V. 

The ethereal extract containing fat, cholesterin, and lecithin is in ~ 
most cases increased, which again agrees with spontaneous diabetes 
(Jaksch, Gamgee). | 

As to the substance most essential to diabetes, the sugar, I have, like 
others, frequently found some decrease of it in the blood. But this is 
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by no means constant; and there are also cases of increase of sugar. 
(See Exps. III and IV.) It is also true that the fluctuation of the 
amount of sugar in either direction, is in most cases very slight. In my 
opinion it is difficult to explain phloridzin glycosuria by hyperglycaemia, 
as it is difficult to explain it by the mere extraction of the sugar from 
the blood. Such explanations are all the more improbable since the 
decrease of sugar in the blood is not proportional to the quantity of the 
sugar eliminated by the urine, as we might have expected, if we 
accepted the “elimination” theory. On the other hand we do fre-. 
quently observe that a relatively higher amount of sugar in the blood 
is accompanied by its increased elimination in the urine. But increased _ 
glycaemia is not a necessary concomitant of spontaneous diabetes. 
“Es ist nicht richtig dass die gesteigerte Glykaemie eine nothwendige 
Bedingung fiir die Glycosurie ist,’ says Seegen. This opinion he 
bases upon an examination of a considerable number of patients suffering 
_ with diabetes, whose blood did not contain an amount of sugar above 
the normal, Consequently in this respect phloridzin glycosuria does 
not differ from what is observed in diabetes mellitus. 

Thus the general analysis of the blood seems to show that phloridzin 
glycosuria does not originate simply in the extraction of sugar from the 
blood, but that more profound changes in the tissues take place, and 
that these changes corroborate the views of those authors who see the 
source of sugar in phloridzin glycosuria in the decomposition of proteids. 
The absence of hyperglycaemia may be explained by the supposition 
that the organism has not lost its ability to rid itself of the superabun- 
dance of sugar; on the one hand by its elimination through the kidneys, 
and, on the other, by its increased decomposition. In favour of the latter 
supposition may also be construed the increased quantity of the ethereal 
extract, which may be regarded as possibly the product of the decompo- 
sition of sugar; and also the fact that the decrease of sugar sometimes 
takes place even when phloridzin is injected after the ligation of the 
renal blood vessels. It may also be observed that if phloridzin 
glycosuria represented simply the decrease of sugar in the organism, it 
would present symptoms characteristic of carbohydrate inanition only 
and it would be difficult to explain the rest of its symptoms. 


CONCLUSIONS. 


Thus we are confronted with two views on the origin of phloridzin 
diabetes. Some think it the result of a simple elimination of sugar 
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from the organism by the kidneys; others see in it an excessive forma- 
tion of glucose. 

The first base thick view on the slight decrease of sugar in the blood 
ater the injection of phloridzin and on the fact that after the extirpa- 
tion of the kidneys the quantity of sugar in the blood is somewhat 
increased in some cases. But no one has succeeded in establishing a 
fixed relation between the quantity of sugar in the blood and they sugar 
eliminated. Furthermore I have obtained a decrease of sugar in the 
blood in some cases when the phloridzin was injected after ligation of 
the renal vessels. Finally, as demonstrated by Cornevin, the phloridzin - 
greatly increases the quantity of sugar eliminated by the milk. Conse- 
quently this poison does not affect the kidneys only. The operation of | 
extirpation of the kidneys can scarcely be considered as decisive of the 
question of the origin of the glycosuria, 

As to the second view, that there is an increased production of sugar, 
and that more especially by the kidneys, I may contribute the facts 
that the venous blood of the kidneys in phloridzin glycosuria contains 
in some cases more sugar than the arterial, and that the quantity 
of sugar in the kidney tissue itself increases after the injection of 
phloridzin. 

Finally, the composition of the blood in phloridzin diabetes testifies 
to the decomposition of proteids rather than to the mere elimination of 
sugar. 

I deem it a pleasant duty to express my thanks to Prof. J. G. Curtis 
and Dr. F. S. Lee for the privilege of their laboratory and for the help 
extended to me during my work. 
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ON THE PHYSIOLOGICAL ACTION OF PYRIDINE. By 
T. LAUDER BRUNTON, F.RS. anp F. W. TUNNI- 
CLIFFE, M.D., M.R.C.P. 


Preliminary Communication. 


_ THE following results are part of a research which has for its object the 


determination of the physiological action not only of pyridine but also 
of its congeners piperidine and propyl-piperidine or coniin; but since 
this research must necessarily be a somewhat long one we thought it 
wiser to publish our results with pyridine in the form of a preliminary 
communication. 

The physiological action of pyridine is of peculiar importance because 
it may be regarded as the nucleus of many of the organic alkaloids. 
The pyridine used was kindly given to us by Mr Gordon Salamon and 


examined by Dr Hugo Miiller. Dr Miiller finds that with the | 


exception of some picolin, and some higher homologues, it is a pure 
specimen. 

General action on frogs. The drug even in relatively small doses 
‘01 gramme has a general narcotic action on frogs. If the dose is 


- increased to ‘02 to ‘04 according to the size of the frog death takes 


place, voluntary movements ceasing in about 4 minutes and respi- 
ratory movements ceasing in from 10 to 15 minutes. The heart con- 
tinues beating long after this (1—2 hours) although with irregular 
rhythm and diminished force, This is in accordance with the results of 
Distler' who found that the heart remained long unaffected by the 
poison. The fact that no spontaneous muscular movements nor con- 
vulsions were observed does not agree with the results of Harnack and © 
Meyer*; this discrepancy may be possibly explained by differences in 
the specimen of pyridine used. 


1 Distler. ‘*Ueber einige Wirkungen des Pyridins.”’ Inaug. Dissert, Erlangen, 1877. 
2 Harnack and Meyer. Arch. f. exp. Path. u. Pharm. xu, 366. 
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General action on guinea-pigs. Pyridine is lethal to guinea-pigs in 
doses of 087 gramme of pure pyridine per 100 grammes body weight 
when injected into the peritoneal cavity. Much larger doses are 
required when the drug is introduced into the stomach, e.g. ‘4 gramme 
per 100 grammes body weight. 

After administration of the drug, a more or less profound narcosis is 
produced, which comes on with a rapidity varying from 2 to 20 minutes 
according to method of administration. Peripheral sensation both in 
the skin and the mucous membranes is very much reduced but is never 
quite abolished, the conjunctual reflex is often the least affected. 

Spontaneous muscular tremors were only very occasionally observed, 
but tremors were often elicited in response to powerful peripheral irri- 
tation. Death finally takes place from respiratory failure. 

In the profounder stages of pyridine poisoning the whole animal 
feels cold, the coldness being especially marked in the extremities. 
This observation led us to endeavour to determine whether pyridine had 
any action in depressing the normal bodily temperature. 

The temperature of rabbits was taken per rectum during pyridine 
poisoning and no appreciable change was noted. It was found with 
pyridine as with chloral that the fatal issue could be considerably post- 

-poned by keeping the animal warm. 

In our experiments upon the special action of pyridine the order of 
the following paragraphs was observed. 

Action on muscle. Pyridine seems to have practically no action on 
striped muscle. The curarized sartorii of frogs left in 100 cc. of a 2°/, 
solution of pyridine in °6°/, saline solution’ for from 1} to 3 hours showed 
no diminution of irritability as compared with curarized sartorii 
immersed for the same length of time in *6°/, saline solution. 

If curarized frogs were subsequently pyridined one leg being 
protected from the pyridine by ligature it was found that there was 
practically no difference in the direct irritabilities of the two gastrocnemii. 
The proof that the poison had reached the non-protected limb was 
furnished by the fact that the respective gastrocnemius smelt of pyridine. 

Action on motor nerve endings. Pyridine has a paralysing action on 
motor nerve endings. This action is slight, so slight, that in cases of 
general poisoning an amount of the poison sufficient to cause paralysis 
does not reach the muscles. In other words it is only by the method of 
local application that one can demonstrate this effect. 

Sensory nerve endings. Pyridine has a very marked paralysing 

1 The saline solution used was not free from lime. 
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action on sensory nerve endings and exerts this both when injected 
into the general circulation and when applied locally. 

A 5°/, solution of pyridine applied for two minutes to the right leg 
of a decapitated frog weighing 17 grammes produced complete local 
angsthesia which lasted for 20 minutes. 

When pyridine is introduced into the general circulation in doses 
which are insufficient to cause paralysis of the sensory centres of the 
cord (see below), the order of the onset of the skin anawsthesia seems 
to be hind limbs, then fore limbs, and then trunk. 

Sensory spinal centres. Pyridine paralyses the sensory centres of the 
cord in frogs, when injected into the circulation in doses of from ‘09 to ‘1 
gramme per 100 grammes body weight. The skin becomes anesthetic — 
as described above, but in addition, stimulation of the central end of the 
sciatic by an induced tetanizing current remains inactive. 

Motor centres and motor conductivity of the cord. If the spinal cord 
of decapitated and pyridined frog be exposed and stimulated directly by 
a weak induced tetanizing current, convulsive contractions will take place ; 
these contractions will first make their appearance at the level of the 
stimulation, but these will be immediately followed by contraction of 
the lower limbs. Both of these sets of convulsive contractions will take 
place at a stage of the poisoning when neither irritation from the skin 
nor irritation from the central end of the divided sciatic, will cause any 
reflex action. | 

_ Thus if we consider the different parts of the reflex arc, sensory nerve 
endings, afferent nerve, sensory spinal cells, intermediate fibres, motor 
cells, efferent nerve, and lastly motor nerve endings, we see that pyridine, 
when introduced into the general system, paralyses the sensory nerve 
endings, the sensory spinal centres or possibly the intermediate fibres, 
leaving the other constituents of the arc intact at least in frogs. 

In guinea-pigs it would seem, from the fact that occasionally more 
or less general tremor occurred in response to strong peripheral irrita- 
tion, that, either the activity of the motor centres is somewhat increased - 
or that some change has taken place in the conducting activity, the 
relative resistance, of the intermediate fibres. 

Automatic respiratory centre. Pyridine in. relatively tall doses 
‘05—'1 gramme pro kilo body weight has a marked action on the 
automatic respiratory centre. The respirations become slower and 
shallower, they then become irregular and inspiration takes place in two 
phases with a slight pause between them. ‘This causes a notch in the 
otherwise continuous ascent of the lever making the descent of the 
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diaphragm during inspiration. If a larger dose be given this respiratory 
irregularity soon ends in respiratory failure. 

Vagus respiratory centre. The action of pyridine upon this centre 
does not seem to be quite constant. The action of the anesthetic is 
difficult to eliminate; it seems however that pyridine has a tendency to 
diminish the activity of the inhibitory (expiratory) portion of the vagus 
centre when it is stimulated by weak induced tetanizing currents. If 
the stimulating currents are stronger this is not the case, a complete 
arrest of respiratory movements in expiration takes place, and the 
strength of current required to produce this is much less when the 
animal is under pyridine and ether than when under ether alone. 

Circulation. Pyridine has a marked but transient effect upon the 
circulation. Almost immediately after the injection of from ‘5 to 1 c.c. 
of the 10°/, solution pro kilo body weight a marked fall of blood pressure 
takes place. The extent and rapidity of onset of this fall are dependent, 
not only upon the dose, but upon the point of injection, and upon the 
vascular tension at the time of the injection. This fall amounts to from 
15 to 30 mms. of mercury. It occurs when the spinal cord is divided at 
the occipito-atlantoid joint, when the aorta is compressed, and also when 
the vagus endings in the heart are paralysed by the previous injection of 
atropine. 

From the above it appears that this fall of blood pressure is due to a 
_ paralysing action exerted by the drug on the cardiac muscle, and this is 
supported by the results of experiments on the excised frog’s heart. If 
to a 6°/, solution of NaCl in New River tap water containing 2 c.c. of 
a 1°/, solution of KCl to every 100 c.c. pyridine be added in the propor- 
tion of ‘1 °/,, the cardiac beats become slower and their volume becomes 
increased ; if the strength of the pyridine be increased to ‘3 °/,, the beats 
become much slower and are irregular in volume and rhythm; upon 
still further increasing the pyridine the beats become smaller and more 
irregular, and the heart is finally arrested in diastole. The drug has 
precisely the same effect when circulated through a previously atropined 
heart. After the heart’s action has been arrested for three quarters of an 
hour, it can be restored practically to the normal, by circulating through 
it New River tap water saline and potassium chloride solution (Ringer’s 
solution). Small doses (‘1 °/,) have a distinct tonic action upon the excised 
frog’s heart, slowing the beat and increasing its volume, and also increas- 
ing the absolute strength of the heart, i.e. the height to which it can 
pump a column of water. We must then conclude that the action of 
pyridine upon blood pressure is due to its action on the heart. 
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Action on the vaso-motor centre. Stimulation of the central end of 
the divided sciatic nerve during pyridine poisoning causes not a rise 
but a fall in blood pressure. Stimulation of the central end of other 
sensory nerves has the same effect, and this effect is quite constant. 
This action has long been known in the case of chloral. 

As a result of the above we are able to formulate the following 
conclusions: | 

1. Pyridine is not, as compared with its derivatives, an active 
poison. This would hardly be expected a priori as it is an exceedingly 
stable body. | 

2. Its action is almost confined to the sensory part of the nervous 
system. 

3. It has in small doses a stimulating, and in large a direct 
paralysing, action on the cardiac muscle. 
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THE RELATION OF THE RESPIRATORY EXCHANGE 
OF COLD-BLOODED ANIMALS TO TEMPERATURE. 
By H. M. VERNON, B.A, Merton College, Oxford. (Three 
Figures in Text.) 


(From the Physiological Oxford.) 


THE subject of the respiratory exchange of cold-blooded animals, and 
especially that of the relation of their metabolism to temperature, has 
hitherto received but slight attention from physiologists. Regnault 
and Reiset, in their elaborate research on respiration’, made a few 
observations on the respiration of frogs and lizards. The three observa- 
tions on lizards were made at the temperatures 7°3°, 14°8° and 23°4° 
respectively, the metabolism increasing more or less proportionately 
with the rise of temperature. Marchand’ made some determinations 
of the carbonic acid evolution of frogs, but as Pfliiger points out’, the 
results are quite incorrect. Pfliiger also severely criticises the results 
obtained by Moleschott‘, who determined the carbonic acid evolution 
of both English and German frogs, at various temperatures, the animals 
being in some cases exposed to a bright light. Moleschott concluded 
that the metabolism increases regularly with the temperature, though 
some of his results seem to show that it is smaller at 10° to 15°C. than 
at 5°. His conclusions are not however very convincing, as he never 
determined the temperature of the frog, but only that of the atmosphere 
in which it was placed: as his experiments only lasted an hour, the frog 
would barely have attained the temperature of the atmosphere, if a 
high one, at the end of the hour, though the carbonic acid was calcu- 
lated for the whole hour, at this temperature. 


1 Regnault and Reiset. Annal. de Chimie et de Physique (3), xxv1. 483. 
2 Marchand. Journ. f. prakt. Chemie, xxxut, 152. 

Pfliger. Pfliiger’s Archiv, xtv. 73. 

4 Jac. Moleschott. Ueber den Einfluss der Warme auf die Kohlensaii heidung 


der Frosche in den Untersuchungen zur Naturlehre. 1857. Bd. nm. 315. 
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Dissatisfied with these previous observations, Pfliiger had a fresh 
series of determinations of the carbonic acid discharge of the German 
frog made by his pupil, Hugo Schultz’. The carbonic acid evolved by 
several frogs placed together was measured, at temperatures varying 
from 0° to 35°. With a single exception, Schultz’ results show that 
the carbonic acid evolution increases uniformly with the temperature. 
This exception shows the carbonic acid evolved to be less at 14°4° than 
at 6°4°. Schultz considered this result to be an error, and did not 
make any further determinations at the same temperatures. As we 
shall presently see, he was probably mistaken in his conclusions. 

It has been generally assumed upon this rather insufficient evidence 
that the metabolism of cold-blooded animals, contrary to what is the 
case with warm-blooded, varies uniformly with the temperature. It 


was thought worth while to continue observations upon the subject, to 


see if this were actually so. Measurements of the carbonic acid evolved 
by frogs were accordingly made, at temperatures from 0° to 30° C. 

The Apparatus employed. The method used for the measure- 
ment of the respiration was similar to the modification of Haldane’s 
apparatus? described by Pembrey*®. In this apparatus, a current of air, 
freed from carbonic acid and moisture by passing through bottles of 
soda-lime and pumice soaked in sulphuric acid, is drawn through the 
animal chamber at a known rate, whereby the products of respiration 
are swept into a series of absorption tubes. The first pair of these 
contain small fragments of pumice soaked in strong sulphuric acid for 


the absorption of the moisture. Of the second pair, the first tube 
- contains soda-lime, for the absorption of the carbonic acid; the second, 
_ pumice soaked in sulphuric acid, for the absorption of the moisture 


given off by the soda-lime. The third pair of tubes is of similar 
construction to the second pair, and serves merely to test the complete- 
ness of their absorption. The increase in the weight of the soda-lime 
tubes gives the amount of carbonic acid excreted by the animal, whilst 
the increase in weight of the whole apparatus, consisting of animal 
chamber, sulphuric acid tubes and soda-lime tubes, gives the amount of 
oxygen absorbed. The absorption tubes were always weighed against a 
‘dummy’ absorption tube of similar construction, which had been 
placed close to them during the process of absorption, so as to be of the 
same temperature. The weighings are accurate to a decimilligram, as 
1 Hugo Schultz. Pfiiger’s Archiv, x1v. 78. 


2 Haldane. This Journal, x11. 419, 1892. 
* Pembrey. This Journal, xv. 410, 1893. 
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the balance used was a very sensitive one, and great care was taken in 
the process. The arrangement of the animal chamber and water bath 
was somewhat different from that described by Pembrey. The plan 

of construction adopted is shown in the figure. | : 
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Fig 1 


The water bath consists of a large tin, holding about three litres of 
water. It is placed in a thick wooden box, which is about an inch 
larger in all directions than the tin in internal measurement. Round 
the sides the space between is packed tightly with sawdust. Below, 
the tin rests on a tin tray of sand. By means of a large circular hole in 
the bottom of the box, which is lined with tin to protect it from the 
heat, the water in the bath can by means of a burner connected with a 
gas regulator be kept at any desired temperature. The current of air 
on entering the apparatus passes first of all through a double worm tube, 
whereby it attains the temperature of the bath, and then through a 
beaker, where its temperature is taken. It then passes to the second 
beaker, which serves as the animal chamber. The two beakers are of 
similar size and nearly similar construction, and as they are always 
situated under similar conditions, the variations in the weight of the 
animal beaker can be determined by merely weighing it against the 
other beaker, without any corrections being necessary for changes in the 
temperature and pressure. The ‘dummy’ beaker contains a weight, in 
the form of a piece of lead wrapped up in cloth, so as to partly neutralize 
the much greater weight of the animal beaker. The corks of both 
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beakers were well soaked in melted paraffin, and are fixed air-tight in 
their places by means of soft red wax. The animal beaker is arranged 
somewhat differently from the dummy beaker. The entrance tube 
leads the current of air right to the bottom of the beaker, where a few — 
cubic centimetres of water are placed. The mouth of this tube is of a | 
fish-tail form, so that the current of air plays upon the water, and 
becomes nearly saturated with moisture. In order to measure the 
degree of saturation, a small U tube containing pumice soaked in water 
was attached, inside the beaker, to the exit tube. In three nine-hours’ 
experiments with curarised frogs this was found to have lost in weight 
0124, 0089 and ‘0112 grm. respectively, or as was calculated, less than 
2 per cent. on the total amount of moisture in the air current. 

The frog is placed on a perforated zinc floor, an inch or so from the 
bottom of the beaker. As it is necessary to take the temperature of the 
frog very exactly, the bulb of the thermometer is placed in its gullet. 
In general, the frog does not seem to object much to the rather 
uncomfortable position thereby entailed, and remains all day with 
scarcely a movement. Sometimes however lively frogs resent it and 
manage to wriggle away from the thermometer, however far down in 
their gullets the bulb be placed. In such cases two flat pieces of cork 
are introduced at the sides of the beaker, which necessitate the frog 
being pressed tightly against the bulb, whatever position it may assume, 
so the temperature is determined with almost as great exactness. As it 
is convenient to know when and how much the frog struggles, and as 
direct observation cannot be made owing to the bath being covered up, 
the thermometer which shows the temperature of the frog is also made 
to show its movements. Instead of being fixed in the cork of the beaker, 
it passes through a short piece of glass tubing, slightly wider than itself, 
to which it is connected by a short piece of indiarubber tubing. Hence 
the slightest movement of the frog attached to the bulb of the 
thermometer results in a corresponding movement of the stem of the 
thermometer which projects above the lid of the bath. The exit tube 
of the animal beaker is of the form shown in the figure. The small 
bulb contains dry calcium chloride, which absorbs the greater part of 
the moisture from the current of air passing through it. This arrange- 
ment was found to be necessary, as otherwise the hot air from the 
chamber, saturated with moisture, deposits water at the junction of the 
exit and absorption apparatus tubes, which is liable to be lost by evapo- 
ration on disconnecting the apparatus for weighing. _ As it is, only about 
‘1 grm, of water is unabsorbed by the calcium chloride in the course of a 
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ten-hours’ experiment. It was necessary to renew the calcium chloride 
every other day. 

As the beakers have to be weighed exactly, they cannot be placed 
directly in the liquid of the bath, which may perhaps contain ice and — 
salt. They are accordingly placed in beakers very slightly larger than 
themselves, as shown in the figure. These larger beakers are prevented 
from floating up in the water by weighing them down with thick discs 
of lead. They are supported in the bath by a thick wire frame. In 
order that as little moisture as possible might condense from the water 
of the bath on to the corks of the beakers, thin sheets of cork were cut — 
out so as to fit between the beakers and the sides of the bath, and so 
cover up the evaporating surface of the water. Above the beakers were 
placed on either side strips of tin bent down at the edges, so that 
nothing might come into contact with the corks. Upon the tin strips, 
covering up the whole of the top of the box containing the bath, were 
placed four thicknesses of flannel, in which small holes had been cut for 
the exit of the thermometers, and upon the flannel was placed the 
wooden lid of the box, which had been divided into two longitudinally. 
By this arrangement, when the bath had been brought to a certain 
temperature, it would remain without varying more than a degree for 
several hours. The temperature of the bath was changed by drawing 
off the water by a syphon tube, and introducing a volume of water at the 

required temperature in its place. | 
) The Method of Observation. Most of the observations made 
have been thus far upon Rana temporaria. The method of observation 
found to be most convenient and exact was as follows. The frog was 
introduced into the animal chamber, and this vessel and the dummy 
beaker were placed in the bath at a temperature of about 15°C., and 
aerated with air freed from moisture and carbonic acid for twenty 
minutes to half-an-hour. The beakers were then stoppered and weighed. 
The commencement of the experiment dates from the time of stoppering. 
The beakers were then placed in the bath again, and connected with the 
absorption tubes, and the whole apparatus tested for tightness to a 
pressure of 6 cm. of water. Very great care was taken to get the 
apparatus absolutely tight, as a slight leak would let in air saturated 
with moisture, and so invalidate the determinations of the oxygen 
absorbed by the animal. The aeration employed was about five litres 
per hour, it practically never varying between the limits of 4°5 and 6 
litres. A negative pressure of only 1 to 1°5 cm. of water was necessary 
to produce this aeration. This slow aeration was adopted to ensure 
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the air being saturated with moisture, which is necessary in order 
to prevent the frog from being able to lower its own temperature by 
sweating. 

After starting the aeration, the temperature of the bath was either 
lowered to about —1°C., by introducing pounded ice mixed with water 
in which salt had been dissolved, or was raised to 34° by the introduc- 
tion of warm water. In the first experiments the respiration was 
determined at temperatures up to 30°: afterwards however only to 25°. 
The reason of this was that the carbonic acid discharge was always 
found to increase uniformly from 25° to 30°, and as it is rather a strain 
upon the frog to subject it to such a high temperature, nothing was to 
be gained by continuing observations above 25°. Also, it is possible in 
the course of a single experiment, lasting about ten hours, to determine 
the metabolism at temperatures from 2° to 25°, and then from 25° to 2°, 
or vice versa, whilst if the temperature be taken to 30°, it renders the 
experiment too long for more than half of it to be performed in a single 
day. 

When the temperature of the frog has sunk to about 3°, or risen to 
about 24°7°, the first soda-lime pair of absorption tubes is changed, and 
the first part of the experiment which is of value commenced. 
About fifty minutes is usually taken for the temperature of the frog to 
get to 25°, and about seventy minutes for it to sink to 3°. The 
carbonic acid evolved during this time is determined as it is necessary 
for the calculation of the value of the oxygen, but the actual value 
cannot be taken to show anything, as the temperature of the frog 
is rapidly changing at the time. The carbonic acid evolved was in all 
‘cases measured for the temperatures 2°, 10°, 15°, 20° and 25°, the period 
of observation lasting usually from half-an-hour to an hour. At the 
lowest temperature, 2°, the time of observation was frequently longer 
than this, as the metabolism is so slight. When the observation is 
being made at 2°, the temperature has usually sunk by the end of the 
period to about 1°, and hence the mean temperature during the period 
of observation is taken. The bath is now warmed to about 15°, the 
absorption tubes being of course changed. In about half-an-hour the 
temperature of the frog has risen to 9°5°, when the tubes are again 
changed, the temperature of the bath being also lowered to 10°. A 
determination of the carbonic acid at 10° is now made. In a similar 
manner the temperature is raised to 15°, 20° and 25°, about twenty 
minutes to half-an-hour being usually occupied in raising the 
temperature through each interval of about 4°. We thus obtain 
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determinations for the carbonic acid evolved by the frog at the 
temperatures 6°, 12°5°, 17°5° and 22°5°. These values are however only 
the means of temperatures of which the extremes vary by about 4°, 
whilst the values at the other temperatures are means of values which 
as a rule vary only about 1°. They are therefore of not quite so great 
trustworthiness. In addition to taking the temperature of the frog at 
the beginning and end of the period of observation, it was generally 
taken once or twice at intermediate times, and hence-the mean 
temperature of the frog during the whole period could be calculated 
exactly to about ‘2°. That the errors due to temperature might be as 
small as possible, all the thermometers used in these experiments were 
carefully standardised and calibrated, and the corrections allowed for in 
the temperature determinations. Having determined the metabolism 
of the frog at temperatures from 2° to 25°, the reverse process is 
performed, the temperature of the frog being in a similar manner slowly 
lowered. At the end of the experiment the temperature of the beakers 
is raised or lowered, as the case may be, to about 15°, and the animal 
beaker and sulphuric acid absorption -tubes weighed, in order to 
determine the gain in weight of the whole apparatus due to the 
absorption of oxygen. 


THE RESULTS 


The results obtained are given in the appendix. Here it will be 
seen that all the carbonic acid values are calculated out in milligrams 
per hour per kilo of body weight, and hence ‘are directly comparable 
with each other. It was thought to be more convenient to reduce all 
the values to similar temperatures, and hence, if the temperature at 
which any particular observations were made differed from the 
temperature taken as standard by more than ‘5°, the slight error thereby 
introduced was calculated and allowed for. In a few cases the 
temperature differed by more than 1°, when the error which had to be 
allowed for was of course larger. All the values which have been thus 
altered are indicated in the appendix. When the temperature of 
observation differed by less than ‘5°, no alteration was made. 

The results obtained of course vary considerably with different frogs, 
examined under different conditions, but they all present certain typical 
features. In Fig. 2 (Exps. 1 and 2) is shown the effect on carbonic 
acid evolution of warming a frog from 2° to 30°, and on the following 
day cooling it from 30° to 2°. It will be seen that so far from the 
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metabolism varying uniformly with the temperature, it actually 
decreases to less than half on warming from 2° to 12°5°, after which 
point it begins to increase again. The curve obtained on cooling the 
frog does not show such marked changes as this, but it will be noticed 


Temperature in Degrees Centigrade 


0 50 100 150 200 250 300 350 400 
Milligrams of Carbon Dioxide per kilo per hour 


Fig 2 


that from about 18° to 12°5° the carbonic acid only decreases very 
slightly indeed: after this point it begins to fall uniformly again with 
the temperature. In these and subsequent curves the values for the 
carbonic acid obtained on warming are indicated by dots; those on 
cooling by crosses. The carbonic acid evolved by frogs on warming 
does not in all cases at first decrease in amount before the subsequent 
increase, but it may be stated generally, that the respiration of normal 
frogs is not, as was previously thought, regularly proportional to the 
temperature, but is increased only slightly if at all from 2° to 10° or 20°, 
whilst above these temperatures it increases rapidly and uniformly with — 
increase of temperature. There seems to be no constant rule as to the 
temperature at which this marked change in the form of the curve 
appears. It is sometimes at a higher temperature in the warming 
curve than in the cooling, and sometimes vice versa. In all cases 
however it is within the limits of 10° to 20°. In the following table are 
given roughly the temperatures at which the change takes place. In 
those cases in which the metabolism actually decreases on warming, the 
temperature of minimum metabolism is given. It will be seen that the 
values are given in two series, in the first of which the frog was 
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warmed, and then cooled; in the second, in which it was cooled, and 
then warmed. In those cases in which the curve changes its form at 
two temperatures, the higher value is given. The figures in the 
brackets are the numbers of the experiments. 


Temperatures at which the change of inclination in the curves appears. 


Warming (3) 10°, (9) 20°, (28) 17°5°, (30) 20°, 

Cooling (2) 17°5°, (4) 20°, (7) 10°, (28) 20°, (24) 15°, 
(30) 12°5°. 

(1) 125°, (5) 17°5°, (21) 17°5°. 

Cooling (8) 15°, (24) 12°5°, (27) 15°, (28) 10°, 
(29) 12°5°. 

Warming (8) 20°, (27) 17°5°, (29) 20°. 


Temp. of | (25) 10°, (25) 10°, (26) 10°, (26) 12°5°, 
metabolism (28) 17°5°. 

It will be seen that in the majority of cases, the temperature at 
which the change takes place is about 17°5° to 20°, and that it is in less 
than half the cases that the carbonic acid discharge at first decreases 
with rise of temperature. In general it seems that on warming the 
carbonic acid evolution of the frog does not begin to undergo its 
marked increase till a higher temperature than that at which the 
decrease is observed in the reverse process of cooling. There is a delay 
in the effect of increasing temperature on the one hand, and of 


§0 100 180 200s 
Fig 3 


decreasing temperature on the other. In the second pair of curves in 
Fig. 3, are shown the mean results of the observations on the effect of 
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temperature on carbonic acid evolution in normal frogs. The warming 
curve is the mean of nine observations (Exps. 1, 3, 5, 7, 8, 21, 28, 29, 
30), and the cooling curve of seven observations (Exps. 2, 4, 7, 8, 21 
and 29). In the warming curve the metabolism remains constant from 


6° to 175°. In the cooling curve there is no interval of constant 


metabolism, but between the limits of 17°5° and 10° there is a marked 
break in the form of the curve, whilst between 17°5° and 12°5° the 
metabolism only slightly decreases with the temperature. Both curves 
show very distinctly that 17°5° is the point at which the marked change 
in the carbonic acid evolution commences. 

Observations on curarised and pithed frogs. The question 
which now arises is, How is this peculiarity in the metabolism of the 
frog, by virtue of which its carbonic acid evolution is so slightly affected 
by rise of temperature from 0° to 17°5°, by comparison with the rapid 
increase which takes place above this point, brought about? It must 
evidently be due to one of two causes. Either it must be brought 
about by some nervous influence, in which case it might be expected to 
be annulled by the action of curare, or by the ablation of certain parts 
of the central nervous system, or it must be an inherent property of the 
tissues of the body themselves. Experiments which have thus far been 
made seem to indicate that this peculiarity in the metabolism 
disappears in curarised frogs, and in frogs in which the bulb is injured, 
so that the carbonic acid in such cases increases uniformly with the 
temperature from 0° to 25°, and shows no break at about 17°5°. 
Exp. 11 shows the carbonic acid evolution of a frog into which 3 
minims of 1°/, curare had been subcutaneously injected twenty-four 
hours before the experiment. This proved to be a poisonous dose, as 
the frog never recovered, though its heart remained beating several 
days after the experiment. The curves are perfectly uniform, and 
moreover, the warming and cooling curves very nearly coincide with 
each other. In Exp. 9, the frog was given 1 minim of curare, an hour 
before the experiment. The curve obtained on warming is perfectly 
uniform, and is similar in form to the curves obtained in the previous 
experiment. The curve obtained on cooling seems to show a slight 
change of inclination at 17°5°, but this may be due merely to 
experimental error. In Exp. 10, two minims of curare were ad-- 
ministered, an hour before the experiment. The cooling and warming 
curves are quite uniform, but do not coincide as well as might be - 
expected. In Exp. 12, a dose of 4 minims of curare was administered 
an hour before the experiment. On both cooling and warming, the 
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carbonic acid evolution increases uniformly from 2° to 15°, but from 
15° up to 25° it remains practically constant. This result is quite 
inexplicable. | 

In addition to these prelimmary experiments on curarised frogs, a 
few were also made on frogs in which the medulla had been injured or 
destroyed previous to the experiment. Exps. 16 and 17 were a typical 
instance of the results obtained. In Exp. 16, made the day after 
pithing, the frog was first warmed and then cooled.: In Exp. 17, made 
six days after, it was cooled and then warmed. The warming and 
cooling curves obtained in each case are identical with each other in 
form, the carbonic acid evolution increasing uniformly with the 
temperature, and showing no trace of a break at about 17°5° as in the 
curves with normal frogs. Experiments 13, 14, 15, 16, 17, 18, 19 and 20, 
also made on frogs in which the central nervous system had been 
injured or destroyed by pithing a day or more previous to the 
experiment, show a similar result. The first two curves in Fig. 3 show 
the mean carbonic acid discharge of seven series of observations in 
which the frogs were warmed, and seven in which they were cooled. 
As these conclusions as to the carbonic acid discharge of frogs in which 
the medulla is injured are of some little importance, they can only be 
satisfactorily established by a series of experiments in which the medulla 
has been carefully excised, in part or in its entirety, and not merely 
injured and partially destroyed by the clumsy method of pithing. 
These experiments I hope to make in the future. 


The effect of rapid changes. of temperature upon the carbonic 
acid: 


We have seen that the curves of the carbonic acid discharge of 
normal frogs, obtained on warming, do not by any means coincide with 
those obtained on cooling. This would seem to indicate that the actual 
processes of warming and cooling have some effect upon the metabolism, 
and so it was thought to be of interest to make observations on the 
effect which several rapid changes of temperature may have upon the 
metabolism. The results obtained were very remarkable. Exp. 21 
shows the effect of warming on a normal frog. The carbonic acid 
évolution reaches a minimum at about 17°5°, and from this point 
increases uniformly with the temperature. The frog was then cooled 
rapidly to 10:2°, then warmed to 243°, and then cooled down to 2°, 
when the carbonic acid was again measured from this temperature 
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upwards. The time occupied in this cooling and warming was 2 hrs. 
35 min. The second half of Exp. 21 shows the metabolism observed. 
The curve is now uniform, and is in fact very similar to those obtained 
with curarised and pithed frogs. In order to see whether this effect 
was permanent, the carbonic acid evolution was again determined two 
days later (Exp. 22). In this case, though the cooling and warming 
curves do not coincide in form, yet they are perfectly uniform in 
inclination. Exp. 23 shows the metabolism of the frog five days later, 
or seven days after the original experiment. These curves show » 
distinct changes of inclination, especially the curve obtained on cooling, 
hence the effect produced by. the rapid changes of temperature has 
begun to disappear. Other experiments were made upon the effects 
of rapid temperature changes, but the peculiar feature of the results 
obtained is that no two of them are alike. In Exp. 24, the frog was 
first warmed to 25°, then cooled to 10°6°, and then warmed to 25° again. 
‘The cooling curve then obtained is regular down to -12°5°, from which 
point to 6° the carbonic acid discharge is constant. From this point 
the metabolism shows most inexplicable variations, it increasing and 
decreasing rapidly several times, as the frog was gradually warmed. On 
cooling the frog a second time, the carbonic acid discharge decreased 
regularly down to 15°, from which point it assumed a constant value. 
It does not seem probable that these results are due to the frog 
struggling, as the carbonic acid discharge of the same frog determined 
three days later (Exp. 25), shows in a somewhat similar manner a 
considerable metabolism at 2°. In Exp. 26, on another frog, the ab- 
normal effect of rapid temperature changes is not very marked. The 
carbonic acid discharge reaches a minimum at 10° in the cooling curve, 
and at 12°5° in the warming. In Exp. 27, the frog was first warmed to 
25°, then cooled to 10°8°, and then warmed to 25° again. On cooling, 
the carbonic acid discharge decreased regularly with the temperature 
down to 15°, but on further cooling to 12°5°, it diminishes to less than 
half its quantity, 2.e. from 191 to 80, in this short temperature interval. 
From 12°5° it decreased again regularly with the temperature. The 
results obtained on warming are of the same order, the metabolism 
increasing rapidly between 15° and 17°5°. Three days later, the car- 
bonic acid discharge of this frog was again increased (Exp. 28), when it 
se ‘med to have become nearly normal again. 

All the observations of which an account has been given were made 
on winter frogs. It has yet to be ascertained whether the carbonic 
acid discharge shows a similar relation to temperature in summer frogs. 
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The frog used in Exp. 29 and 30 was kept for a week previous to the ~ 
observations at a temperature of from 15° to 20°, with a view to arousing 
it from its hibernating condition, but the curves of carbonic acid dis- 
charge show just as marked changes of inclination at about 12°5° to 
17°5° as normal frogs. 

The Respiratory Quotients. As has been mentioned, the increase 
in the weight of the apparatus due to oxygen absorbed by the animal 
was also determined. As the increase is so slight, it was only possible to 
make determinations extending over the whole day’s experiment of 
eight or ten hours. Even in this case the amount absorbed is only 
about ‘04 grs. The respiratory quotients as thus estimated are given 
in the last column of the table in the appendix. The most remarkable 
thing about them is their lowness, Of the thirty determinations, only 
two are higher than ‘7; seven vary between ‘6 and ‘7; eight between 
‘5 and ‘6; whilst thirteen vary between ‘4 and°5. 

With regard to the individual values obtained it may be noted that 
whenever, through the action of curare or pithing, the curves of carbonic 
acid discharge become uniform, the quotient is diminished in amount, or 
the amount of oxygen absorbed relative to the carbonic acid excreted, 
is increased. In the table are given all the results obtained in intact, 
curarised and pithed frogs respectively. The mean value for the quotient 
in intact frogs is 63, the extremes being ‘50 to °75. 

In eight observations on frogs, of which the intracranial nervous 
system including the bulb had been destroyed, the mean was ‘45, the 
extremes being ‘54 and ‘40. In curarised frogs the mean was ‘497. 
In intact frogs, which had been subjected to rapid temperature changes, 
the mean value was - 


SUMMARY. 


The following are the chief conclusions arrived at in this paper. 
(1) The carbonic acid evolution by intact frogs on gradual warming 


varies within narrow limits from 2° up to about 17°5°, but above this 


point it increases rapidly with the temperature. On cooling, it as a 
rule becomes nearly: constant from about 17°5° to 12'5° or 10°, and then 
decreases uniformly with the temperature. 
(2) In curarised frogs and frogs with their bulb injured, the 
carbonic acid discharge increases uniformly with the temperature. 
(3) If frogs be warmed and cooled rapidly several times, the curves 
of carbonic acid evolution subsequently obtained are either perfectly 
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uniform, or show abnormally marked changes at varying temperatures. 
The curves do not become normal again for several days after. 

(4) The respiratory quotient of winter frogs in which the bulb 
has not been injured is about ‘63; that of frogs with the bulb injured 
about 45; and that of curarised frogs and frogs subjected to rapid 
temperature changes about ‘5. 

In conclusion, I wish to express my warmest thanks to Professor 
Burdon-Sanderson for the very valuable suggestions and advice he 
has afforded me during the progress of this work, and also to Dr Hal- 
dane and Mr Pembrey for much valuable criticism. 


APPENDIX. 


The results are calculated out in milligrams of carbonic acid evolved at 
certain specified temperatures. The sign * attached to a value denotes that a 
small correction has been made, owing to the temperature for which it was 
determined differing by ‘5° to 1°C. from the temperature taken as standard. 
The sign ¢ denotes that a correction has been made, when the temperature 
differed by more than 1”. 

The sign || denotes that the value is abnormally high. It is in all 
probability due to the frog struggling. 

The following are additional details of the experiments. 


6. This experiment was entirely spoilt by the frequent and prolonged 
struggling of the frog, which markedly increased the carbonic acid discharge 
over several periods. This was the only experiment spoilt in such a manner. 

7. The frog used in this experiment had been kept in an ice bin, at a 
temperature of about 5°, for a week before, _ 

15. Heart beating two days ufter experiment, but frog never recovered. 

9. Heart beating strongly one day after experiment. 

10-20. The frogs used in these experiments were pithed a daw or two 
previous to the determinations of their respiration. Post-mortem examination 
of the hardened tissues showed that in all cases the central nervous system 
down to and including the bulb had been either destroyed or badly injured. 

21-28. Frogs after subjection to rapid temperature changes appeared 
just as lively as normal frogs, and could not by their outward appearance be 
distinguished from them. 


29 & 30. The frog was kept i in ba perforated tin i in damp moss near the 
hot water pipes of the laboratory. 
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NOTE ON OXALATES AND MUSCLE-RIGOR. By F.S. 
LOCKE, M.A. 


A PAPER by Howell on the action of the oxalates' first made me 
acquainted with the work of A. Cavazzani’, prior to mine’, on the 
same subject. 

One of Cavazzani’s conclusions, that the oxalates have a specific 
action in preventing muscle-rigor Howell was unable to confirm. 
Cavazzani apparently and Howell certainly investigated the action 
of oxalates on spontaneous rigor mortis (Zeitstarre). In March 1893 
I made experiments to ascertain if sodium oxalate has any action in 
hindering the immediate rigor of frogs’ muscles at the temperature of 
40° C., usually regarded as identical in its nature with spontaneous rigor. 
I did not refer to these in the short note I published as they had not 
given the result then hoped for. In relation however to the work of 
Cavazzani and Howell they have a certain interest, and I communi- 
cate them briefly now with some of my later results bearing on the 
same question. 

The ribbon-like sartorius muscle of a small or medium- 
sized grass-frog, after remaining for so long as 4} hours in 
1°/, sodium oxalate solution shortens and becomes as stiff 
and opaque as does its fellow muscle, which has remained in 
“Ringer's solution,’ when both are heated to 40°C. by 
transference to olive oil or to ‘6°/, sodium chloride solution 
at that temperature. I have also made experiments in which the 
oxalated muscle was transferred to 1°/, sodium oxalate solution at 40°C. 
with similar results, and experiments in which the oxalated muscle and 
the control muscle were heated in their respective solutions by 


1 This Journal, xv1. 476, 1894. 
 § Riforma Medica, 1892, pp. 662 and 675. Abstract in Arch. Ital. de Biologie, xv11. 
156, 1893, 
8 This Journal, xv. 119, 1893. 
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surrounding the dishes containing them with warm water. The results 
of these were the same, but the temperature of the solutions containing 
the muscles generally rose too quickly for it not ultimately to exceed 
40°C, 

If the action of the sodium oxalate solution be prolonged olend 
four to five, or in warm weather two to three hours, it will be observed 
that the muscle is undergoing a gradual change, passing into ‘a con- 
dition of “tonic” contraction. The shortening increases and at the end 
of twenty to thirty hours has become maximal, the muscle being 
also stiff and distinctly opaque’. The muscle henceforward persists in 
this condition, the only change being an increase of its opacity, which at 
the end of forty-eight hours has become complete. 

Such a special “tonus” or “rigor” producing action is not sitedine to 
sodium oxalate solution, but belongs also to solutions of certain other 
sodium salts, not all of which are alkaline in reaction. The general 
discussion of it I must postpone, but can say now, I think, that the 
description just given of the effect on the sartorius of prolonged treat- 
ment with sodium oxalate accords badly with the view that the 
oxalates prevent muscle-rigor. 

- But if sodium oxalate cannot prevent muscle-rigor, can it not at 
least abolish the electric excitability of muscle? In spite of Cavazzani’s, — 
my own previous, and Howell’s statements’, I do not now believe it 
can. 

If a sartorius after being immersed for three hours in 1°/, sodium 
oxalate solution, be placed across platinum wire electrodes 4 mm. apart 
and be then “ tetanized” by the shocks of a Du Bois coil, the secondary 
of which is close up, while the primary is connected with one to three 
bichromate cells* there occurs after the first few seconds of stimulation a 
slow local bulging of the muscle between the electrodes, which at the 
end of 10—15 seconds becomes well marked. It is greatest midway 
between the electrodes and ceases just outside them. This swelling is 
as transparent as is the rest of the muscle, and has none of the characters 
of a coagulation effect. It can moreover if produced by stimulation not 
too strong completely disappear in the course of a few minutes, the 


which are very different. 1°/, sodium oxalate solution is isotonic with -6°%, NaCl 
solution. 

2 And, I may add, the statements of Koch (Dissertation, Dorpat, 1879, and Arch. f. 
exp. Path. u. Pharm. xtv. 153, 1881). Of this investigation I was till recently unaware, 

3 The muscle must be quite moist when placed on the electrodes, or sparking will occur. 


338 
et 
+} 
ag 
1 
4 
5 
iQ 
q 
5 
a 


OXALATES AND MUSCLE RIGOR. 295 


muscle being placed in °6°/, sodium chloride solution. After stronger 
stimulation it is persistent. 

A similar effect of strong stimulation can be produced in the casé™of 
muscles apparently rendered inexcitable by an hour’s immersion in ‘77°/, 
potassium chloride or in ‘54°/, ammonium chloride solution, but not in 
the case of muscles which have been exposed to the action of ammonia 
vapour? 

I do not myself conclude from the above results, as Howell 
provisionally does from his, that calcium is unnecessary to the rigor- 
process. Ringer? obtained proteid solutions, which gave no precipitate — 
with ammonium oxalate, but the ash of which nevertheless contained 
lime, and if mere proteid hold lime so firmly, it may well be impossible 
to dispossess muscular tissue wholly of it. The calcium, which is 
insufficient either from smallness of amount or mode of combination for 
the process of ordinary contraction, may still suffice for the rigor-process 
or for that of slow local contraction under strong stimulation which 
is described above. | 


1 Cp. Bernstein. Untersuchungen a. d. physiolog. Instit. der Univ. Halle, Heft 1. 
175, 1890. 


2 This Journal, x11. 179, 1891, and xm. 304, 1892. 
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FURTHER OBSERVATIONS ON THE SECRETORY AND 
VASO-MOTOR FIBRES OF THE FOOT OF THE CAT, 
WITH NOTES ON OTHER SYMPATHETIC NERVE 
FIBRES. By J. N. LANGLEY, F.RS., Fellow and Lecturer 


of Trinity College, Cambridge 


THE observations of which I give an account in this Paper, are 
supplementary to my previously published observations’, and I shall 
follow the order of narration of that siesta so far as it can be done 
conveniently, 

Lumbo-sacral plexus. As I wish to deal more fully than before, 
with the correspondence which exists between the course of the secretory 
fibres, and the arrangement of the spinal nerves, it is necessary, at the 
risk of some repetition, to say a word or two with regard to the 
variations which occur in the lumbo-sacral plexus of the cat. I divide 
the numerous forms of plexus into three classes’, an anterior, a median, 
and a posterior class. The simplest method of distinguishing these 
classes is to note the relative size of the strands to the sciatic, furnished 
respectively by the 6th lumbar, and by the upper branch of the Ist 
sacral nerve. If the former is distinctly larger than the latter, the 
plexus~belongs to the anterior class; if the two are of about the same 
size, the plexus is a median one; if the strand from the Ist sacral is 
distinctly larger than that from the 6th lumbar, the plexus is of the 
posterior class. It is true that the upper lumbar nerves may vary 
within certain limits, independently of the lower ones, so that when it 
is important to know exactly the arrangement of the upper lumbar 
nerves, they must be directly observed. _ 

Both the anterior and posterior classes may be divided into 
sub-classes. I adopt the following subdivisions. 


1 This Journal. x11, 348, 1891 (Secretory Fibres) ; x11. 375 (Vaso-Motor Fibres). 


2 op. cit. (Secretory Fibres), p. 350, and This Journal, xv. 209, 1893. Op. also 
Sherrington, This Journal, x11. 639, 1892. 
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Anterior Class (a). The 5th lumbar nerve sends a filament to the 
sciatic. I have only found one instance of this in nearly a hundred 
dissections, and then there were eight lumbar nerves instead of seven, 
and I reckoned the 6th post-thoracic as the 5th lumbar. 

Anterior Class (b). The characteristic of this is, that whilst the 6th 
lumbar nerve is the highest to send fibres to the sciatic, the 2nd sacral 
nerve causes no movement of the foot and gives no strand to the sciatic. 
Of this also, I have met with only one certain case (op. cit., p. 358); 
the rarity however may be due to my not having investigated the 
matter at the time when I had several instances of a markedly anterior 
plexus, for Sherrington apparently found it not infrequently. In my 
later experiments, a markedly anterior plexus has not occurred. The 
2nd sacral nerve is much more troublesome to follow than the nerves 
above it; and in some cases it is extremely difficult to say whether it 
does or does not send a few fibres to the sciatic. The physiological 
method of detecting such fibres, 7.¢, by stimulating the 2nd sacral nerve 
at its origin from the spinal cord is of course decisive as to motor 
fibres; but this also is a troublesome addition to make to every 
experiment. 

Anterior Class (c). In this, the 2nd sacral sends a filament to the 
sciatic. 

The posterior class is divisible into easily recognisable sub-classes. 

Posterior Class (a). The obturator receives no branch from the 7th 
lumbar nerve. 

Posterior Class (b). The obturator receives a small branch from the 
7th lumbar nerve. (Cp. Fig. 6, op. cit. 1893.) 

Posterior Class (c). The sciatic has no branch from the 6th lumbar 
nerve. (Cp. Fig. 7, op. cit. 1893.) Of this I have seen two cases 
only. 

In considering the arrangement of the nerves, I have, as earlier, 
noted the actual number of thoracic, lumbar, and sacral nerves. Since, 
so far as I have seen, there are certain constant peculiarities about the 
-mode of exit (in the cat) of the Ist sacral nerve from the vertebral 
canal, which never allow it to be mistaken for the last lumbar, I take 
the Ist sacral nerve as a fixed point in enumeration. The nerve, then, 
above this will be the 7th lumbar. When, on counting in this way, — 
there are eight lumbar and thirteen thoracic nerves, I call the upper- 
most lumbar the extra lumbar nerve and the nerve below it the Ist — 
lumbar; when there are seven lumbar and fourteen thoracic nerves I 
mention the presence of a 14th thoracic nerve; when the thoracic and 
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lumbar nerves together are twenty, but the fourteenth of the corre- 
sponding vertebra has a small rib, I mention the fact, but call the 
fourteenth nerve the Ist lumbar and not the 14th thoracic. I have not 
met with any case in which less than twenty nerves were present in the 


_ thoracic and lumbar regions together. 


I give this re-statement of method, since some observers enumerate 
the lumbar and lower nerves from the last thoracic, speaking simply of 


the 1st, 5th, 9th post-thoracic nerves. Such a mode of reckoning does 


not allow a comparison to be made between any given lumbar or 
sacral nerve in different cases. ‘This is obvious in view of the fact that 
the Ist sacral nerve may be either the 7th, 8th, or 9th post-thoracic 
nerve. Similarly, it does not allow an arrangement of the lumbo-sacral 
plexus to be referred to lumbar and sacral nerves, but only to 


' post-thoracic nerves. A plexus which is posterior, if considered: with 


reference to post-thoracic nerves, may be anterior if considered with 
reference to lumbar and sacral nerves. Thus, for example, when eight 
lumbar nerves are present, as in the two figures I have given in this 
Journal (xu. Plate XII. Fig. 4 and xv. Plate VII. Fig. 8), the sciatic 
receives no branch from the 6th post-thoracic and a large branch from 
the 8th post-thoracic; the plexus is therefore markedly posterior; but 


since in fact the 9th post-thoracic nerve is the Ist sacral, the sciatic 


receives a very small branch from the Ist sacral, and the plexus is 
therefore markedly anterior. 

Of course if those who count by post-thoracic nerves give also in 
each case the number of thoracic, of lumbar and of sacral nerves, the 
information is not less adequate, though it seems to me less convenient, 


than that given by the method I employ. 


SECRETORY NERVE FIBRES. 


Origin from the spinal cord of sympathetic fibres for the 
hind foot. At the time of writing my earlier account, I had found no 
case in which the 4th lumbar nerve-roots contained secretory fibres for 
the ie & There was one instance in which the 4th post-thoracic nerve 
caused a secretion, but as an extra lumbar nerve was present, I 
considered the 4th post-thoracic to correspond to the 3rd lumbar nerve. 
It happened that in all my experiments upon the origin of the nerves 
from the spinal cord, the plexus was either anterior or median. Since 
then, I have stimulated the spinal nerves in eight animals in which the 


lumbo-sacral plexus was posterior, and in all of these the 4th lumbar 
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nerve contained secretory fibres. It will be remembered that Luch- 
singer obtained a secretion by stimulating the 4th lumbar nerve. In 
one or two cases indeed (plexus, posterior (b)) I have seen a few specks 
of secretion on stimulating the 5th lumbar nerve. 

With a posterior arrangement of the nerves, the nerve of maximum 
effect is shifted posteriorly, thus the tird lumbar nerve instead of 
containing fewer secretory fibres than the x11th thoracic contains more, 
and may contain more than the 1st lumbar. 

I am inclined to think, from a comparison of all my experiments, 
that the order of secretory effectiveness of the several nerves in - 
different forms of plexus is approximately as follows. 


Posterior (b) x11.’ xu’ 1° IL’ Iv.’ 
I leave out of account cases in which there is an extra thoracic. or 
lumbar nerve. 

I have not, however, found that there is any constant relation 
batweeti the arrangement of the lumbo-sacral plexus, and the position 
of the uppermost nerve which contains secretory fibres for the hind foot. 
The 12th thoracic is generally the uppermost effective nerve. In 
several cases I have been doubtful whether the 11th thoracic did 
not produce a trace of secretion ; but in two cases only was the secretion 
distinct. In one of these (No. 4, p. 300) the plexus was posterior ; 
here the glands secreted more quickly and copiously than usual; and it 
is possible that in the other animals the absence of distinct secretion 
was due to a less secretory activity of the glands, and not to an entire 
absence of secretory nerve fibres. 

In the following Table (p. 300) I give an abstract of a few experi- 
ments illustrating some of the points just mentioned, and others to 
which I shall refer later’. 

Areas of the foot supplied with secretory fibres by the 
_ several grey rami. In my earlier experiments I had found that the 
secretory and vaso-motor fibres to the foot ran in the grey rami of the 
6th lumbar to the 2nd sacral nerves inclusive; that the region of 
maximal secretory effect of the 6th lumbar ramus was on the inner 
portion of the foot, and that of the lower nerves successively more to the 
outside, and I attributed some variations which occurred to variations 
in the arrangement of the lumbo-sacral plexus. On the latter point 

1 In the experiments chloroform and the a.c.z. mixture were used as anmsthetics. 
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my observations were however incomplete. I give in Table II. (p. 302) 
an abstract of the results of some further experiments in which 
the amount of secretion, the region of the foot affected, and the 
arrangement of the lumbo-sacral plexus, were carefully noted. As a 
rule the grey ramus itself was not stimulated directly, but the 
sympathetic trunk just above the ganglion of the grey ramus, all other 
connections of the ganglion being cut. 

It will be seen that the areas of the foot affected by the grey rami, 
and the number of secretory fibres in the uppermost and lowermost, 


- vary in close correspondence with the variations in the spinal origin of 


the sciatic. 

Some of the sub-classes of the lumbo-sacral plexus I have not met 
with in any of the experiments on the grey rami; but in the anterior 
(a) and in the posterior (c) sub-classes, the distribution of the grey rami 
can be deduced from that occurring in the others. The anterior (b) class 
in which the 2nd sacral nerve causes no movement in the digits, I was 
particularly desirous to meet with, but in more than a dozen cases it has 
not occurred once. In my earlier experiments I had several instances 
of the 2nd sacral ramus producing no secretion, but in these the motor 
fibres of the 2nd sacral nerve were not investigated, so that I am doubtful 
whether as the origin of the sciatic becomes more and more anterior, 
the sympathetic supply to the foot from the 2nd sacral ganglion, or the 
motor supply to the digits from the 2nd sacral nerve, is the first to cease. 

In all cases in which the secretion to be observed is slight it 
is necessary to use certain precautions. The observations should be 
made soon after the beginning of the experiment, and the drops 
of secretion searched for with a magnifying lens in a good light. Usually 
I wrap up the legs in repeatedly renewed warm cloths; but this 
occasionally introduces a difficulty, for glands thus warmed may continue 
to secrete for a considerable time after the cessation of a stimulus. 
Stimulation of the nerve should be kept up for about two minutes, and 
stimuli of different strengths should be tried; a weak stimulus often 
gives a very local secretion, and a strong stimulus may give a less good 
secretion than a moderate stimulus. 

When the 2nd sacral grey ramus supplies the whole of the secretory 
area of the foot, it might be supposed that there was an unobserved 
ramus running to the 1st sacral nerve, or that some fibres accompanied 
the blood vessels. These possibilities were tested. In one experiment 
both sympathetic trunks were tied and cut between the Ist and 2nd 
sacral ganglia; stimulation of the peripheral cut ends gave secretion on 
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all the hairless portions of the foot. The Ist sacral nerve was then cut 
a short distance from its point of exit from the bone; stimulation above 
the 2nd sacral sympathetic ganglia was still effective. The 2nd sacral 
nerve was then cut; after this, stimulation above the 2nd sacral sympa- 
thetic ganglia had no effect. Stimulation of the cut end of the 2nd 
sacral nerve caused secretion, and movement of digits. Hence, the 
secretion obtained by stimulating above the 2nd sacral sympathetic 
ganglion was produced by fibres coursing down the 2nd sacral nerve. In 
another similar experiment, the 2nd sacral nerve, but not the 1st, was 
- eut on the left side. Stimulation of the.sympathetic above the two 
sacral ganglia, the trunk being cut below the Ist sacral ganglion, caused 
secretion on the right side, but none on the left. 

In parts of the foot where a few droplets only of sweat are produced 
by stimulating any nerve, these appear in the same spots with each 
stimulation, so that a few only of the glands are innervated; thus 
the 2nd sacral though it may send fibres to the inner border of the foot, 
does not necessarily send fibres to more than one or two glands in that 
region. 

Comparison of sympathetic and sensory areas in the foot. 
I have pointed out the close resemblance between the areas of the skin 
supplied by a grey ramus and the sensory fibres of the nerve to which 
the grey ramus runs, The recent work of Sherrington on the 
distribution of sensory nerves to the feet. of the cat affords a more 
certain basis of comparison than existed then*. The similarity, though 
striking in general features, is not exact in detail. We have seen that 
with certain arrangements of the spinal nerve, there is secretion and 
pallor in both inner and outer portions of the foot on stimulating each of 
the four effective grey rami, t.e. the overlapping in the peripheral 
distribution of the nerve fibres is very great, each digit receiving fibres 
from four grey rami. In the Table given by Sherrington of the 
origins of the collateral nerves of the digits, the 7th lumbar is the only 
nerve which supplies all the digits, the 6th lumbar not supplying the 
outer toe, the Ist sacral not supplying the inner toe, the 2nd sacral 
sending no fibres to any except occasionally to the 5th toe. In some 
observations by another method (op. cit. p. 761) a rather greater over- 
lapping was found, but here again the 2nd sacral sent fibres to the 
digital collaterals in one case only out of five. Hence we may conclude 


1 This Journal, xv. 230, 1898; x1. 857, 1891. 
* Sherrington. Trans. Roy. Soc. 1893, B. 668, 
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that the fibres of the several grey rami which run to the foot overlap 


more than do the sensory fibres of the corresponding spinal nerves. 
Nevertheless I think that some further experiments on the distribution 
of the sensory fibres are desirable, for in the one experiment I made, the 
2nd sacral certainly seemed to send sensory fibres to the foot, although 
the lumbo-sacral plexus was anterior. 


In this experiment the cat was etherized and the right 6th, 7th lumbar 
and Ist sacral nerves were tightly tied with chromic catgut, just centrally of 
the spinal ganglia. On the following day pinching the cushion of the 2nd toe 
had no effect, of the 3rd, a doubtful effect, but with the 4th and 5th there 
was a response, chiefly a movement of the opposite leg. On the next day the 
animal was allowed to wander about the room ; at first it tumbled to the right 
side ; in tumbling, the right leg was never extended to save the fall ; it quickly 
learnt to move about on three legs, the right leg was drawn eens and 
inwards so that the paw was nearly under the mid-ventral line ; on the foot 
there was a dorsal tongue-shaped portion, a little overlapping the inner but 
not reaching the outer border, which was fairly sensitive, this stretched nearly 
to the paw, obviously it marked the limit of the 5th lumbar nerve. The rest 
of the skin of foot gave no certain response, except that hard pinching of the 
whole cushion of the 5th toe sometimes caused a slight movement. A dull 
area stretched from the insensitive outer portion of the foot for some distance 
up the outer side of the limb. In the later days the ventral surface of the 
foot nearly up to the paw gave at times some response. Now and then the 
animal attempted to scratch itself with the right foot, in this case, so far as 
could be seen, the muscles of the thigh alone contracted, passive movements 
only taking place in the foot; it often sat with the digits of the right foot 
doubled under it. After 13 days it was anesthetised. Stimulation of the 
right lumbar sympathetic gave good pallor in the foot but only a slight 
secretion, The crural nerve gave strong extension of leg and foot (a move- 
ment which did not occur in life), the obturator gave a weak drawing up of 
the thigh (something like that occurring in the attempts at scratching), the 6th 
lumbar and the 7th lumbar spinal nerves gave no movement, the Ist sacral 
gave no movement except when the electrodes were shifted towards the a 
tion with the 2nd sacral, when there was flexion of the digits. 


Areas of the foot supplied by the several white rami. Since 
the 6th lumbar grey ramus sends its secretory fibres chiefly or entirely 
to the inner part of the foot, and the 2nd sacral grey ramus sends its 
secretory fibres chiefly or entirely to the outer part of the foot, I had 
expected that the uppermost spinal nerve containing secretory fibres 
would send them out by the 6th lumbar grey ramus, and so cause 
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secretion chiefly or entirely in the inner part of the foot, and that the 
lowermost spinal nerve containing secretory fibres would send them out 
by the 2nd sacral ramus, and so cause secretion chiefly or entirely 1 in 
the outer part of the foot. 

In my earlier experiments I found that as a rule the part which 
secreted most freely on stimulating one nerve, did so on stimulating 
each of the others, 

In my later experiments I have found more cases than in the earlier 
ones, in which there is some difference in the region of the foot affected 
by the uppermost and lowermost secretory spinal nerve. 

Experiment 4, given on p. 300, is the most marked instance I have 
met with. In this the position of maximum secretion shifted with 
extraordinary accuracy from the inner to the outer border of the foot, as 
the spinal nerves from the 11th thoracic to the 4th lumbar were 
successively stimulated. Very commonly, however, such differences can 
be made out with a few nerves only of the series, and the uppermost 
effective spinal nerve does not necessarily give its maximum secretion 
on the inner border, nor the lowermost on the outer border of the 
foot. | 

Decussation of secretory fibres. Ges at er of the sacral 
ganglia is connected by transverse strands with the correspondig , 
ganglion of the opposite side, and sometimes the ganglia on the & 
sides (especially the 1st sacral) form anatomically one median ganglion. 
The transverse connections serve largely the purpose of connecting the 
lumbar white rami communicantes on each side with both sides of the 
pelvic viscera. It seemed to me improbable that the secretory (and 
vaso-motor) fibres should wholly escape a similar decussation. The 
matter is of course easily tested by tying and cutting the sympathetic 
above the 6th lumbar ganglion, and observing whether there is any 
secretion in the opposite foot when the peripheral cut end is stimulated. 
I find that a slight secretion is sometimes obtained, so that either a 
few pre-ganglionic fibres cross to the ganglia of the opposite side, or 
some of the post-ganglionic fibres of one side run to the opposite grey 
ram. 

Direct spinal secretory fibres. I have argued earlier that direct 
secretory—and vaso-motor—fibres do not exist.- When a secretion is 
obtained by stimulating in the spinal canal the nerves which supply the 
limbs without traversing the sympathetic, I have attributed it to an 
escape of current to the fibres of the grey ramus entering the nerve. 
But for a time I was much puzzled by my lack of success in obtaining a 
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secretion on stimulating the lower lumbar nerves. Later, I obtained 
a secretion, and under conditions which strengthen the explanation 
I have just mentioned. The secretory fibres of the grey ramus run in 
the anterior primary division of the spinal nerve. In a young animal 
the distance between the point of exit of a nerve from the vertebral 
- canal and the point where it is joined by the grey ramus is less. than in 
the adult, so that if the secretion is produced by an escape of current to 
the grey ramus it should be easier to produce in a young animal than in 
an adult one. And this is the case; in a kitten (about 8 weeks old) 
a secretion can be obtained by stimulating with a moderately strong 
interrupted current any of the spinal nerves which send fibres to the 
sciatic, the 1st sacral producing the most obvious effect. In the adult 
the 2nd sacral is the only nerve which gives a secretion with a weak 
stimulus; in this nerve the grey ramus—there is reason to believe—runs 
a short distance centrally and then curves back, so that it can be directly 
stimulated in the vertebral canal. The secretion corresponds in position 
to that which is produced by stimulating the grey ramus, thus it may 
be most on the outer part of the pad and on the outer toe and diminish 
in passing inwards. Stimulation of the nerve-roots has no secretory 
effect unless a strong current is used. The 1st sacral sometimes gives a 
secretion with a moderate current if stimulated close to its exit, but it 
generally requires a strong current. The 7th and 6th lumbar usually 
give no secretion or a mere trace even when stimulated with a strong 
current and at their point of exit; a better secretion can, however, be 
obtained if the nerve is separated from its attachments at the inter- 
vertebral foramen ; this allows the escape current to travel farther down 
the nerve, and possibly also it allows the nerve to be dragged further 
through the opening. 

Origin from the spinal cord of secretory fibres for the fore 
foot. As earlier, I have found secretory fibres in the 4th to the 9th 
thoracic nerves inclusive, and the relative effectiveness of the nerves 
agrees closely with that which I have already given. I have made three 
further experiments (cp. Table, p. 300) with the especial aim of de- 
termining whether the 10th thoracic nerve contains secretory fibres. 
The spinal cord in the region of the 9th and 10th thoracic nerves was 
removed, and these nerves were stimulated before any other part of the 
cord was exposed. In no case had the 10th thoracic nerve any effect 
—either secretory or vascular—upon the fore foot. I conclude that in 
the majority of cases at any rate the 10th thoracic nerve does not send 
sympathetic fibres to the fore foot. 
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Areas of the fore foot supplied by the several grey rami. On 
this point I have made a few experiments only, but sufficient to show 
that the general arrangement is similar to that of the hind foot: the 
combined 6th and 7th rami cause the inner part of the foot to secrete 
more freely than the outer part, the Ist thoracic ramus causes somewhat 
more secretion on the outer than on the inner part of the foot. The 
2nd thoracic ramus in these experiments was without effect, but in the 
other cases in which it causes flexion of toes it b will probably be found 
to have a few secretory fibres. 


VaSO-MOTOR NERVE FIBRES. 


In my earlier experiments I found that the course, and the connec- 
tions with ganglia of the vaso-motor nerves, closely corresponded with 
that of the secretory nerves. The spinal nerves which produced a free 
secretion, had, as a rule, a marked vascular effect; the spinal nerves 
which produced a slight secretion, sometimes had a slight vascular effect 
and sometimes none; thus the 4th thoracic nerve failed to have a vascu- 
lar effect more commonly than it failed to cause a secretion; the spinal 
nerves which had no secretory effect had also no vascular effect, except 
in one case, in which flushing of the skin of the toes was produced by 
stimulating the 3rd thoracic nerve. The experiments were not suffi- 
ciently numerous to decide whether it was the rule or the exception for 
the nerves with feeble secretory action to have also slight. vaso-motor 
action. In nearly all cases the unpigmented, hairless skin of the foot (.¢. 
the pad and the cushions of the toes,) was directly observed, the vascu- 
lar effect was sometimes pallor and sometimes flushing. 

More decided results, as regards the less effective nerves, were 
obtained in some independent observations by Bayliss and Bradford. 
They experimented on the dog, using the plethysmographic method, 
and found that vaso-constrictor fibres issued from the spinal cord in the 
4th to the 10th thoracic nerves inclusive to supply the fore-limb, and in 
the 11th thoracic to the 3rd lumbar to supply the hind-limb. These 
observations, with some additions, have recently been published in full’, 
and I shall have to speak of them presently. 

In my later experiments I have found in favourable circumstances 
vaso-motor fibres for the fore foot in the 4th to 9th thoracic nerves, and 
for the hind foot in the 12th thoracic to 3rd lumbar nerves, with an 
anterior plexus, and in 12th thoracic to 4th lumbar nerves with a posterior 


1 This Journal, xvi. 10, 1894. 
20—2 
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plexus. I have only once seen a certain vascular change on stimulating 
the 11th thoracic nerve. | 

The primary change in all these cases was pallor; not as in my 
earlier experiments sometimes pallor and sometimes flushing. As a 
— rule, the order of effectiveness of the several nerves on the colour of the 
skin was the same as that of the nerves on the secretion. The occasional 
_ variations from this were I think merely due to the particular circum- 
stances of the experiment. 

As earlier, I find that the less effective spinal nerves, 1.e. those at the 
ends of the series, sometimes produce no change of tint sufficiently 
distinct to be certain about. Similarly, the 6th lumbar and the 2nd 
sacral grey rami may cause a distinct secretion, and yet cause but the 
most trifling change in the tint of the skin. These facts might be 
explained by supposing that the vaso-motor nerves have a somewhat less 
wide distribution than the secretory nerves; but I think the true 
explanation is (a) that in some cases the small arteries respond more 
feebly to stimuli than do the sweat glands; though it may be noted 
that sometimes the reverse is the case; (b) that a slight secretion is 
more easily detected than a change of tint; although the secretion 
taken altogether is slight, there are often one or two droplets very 
obvious under a magnifying lens. 

The vascular change is generally less local than the secretion; thus 
on stimulating the 12th thoracic nerve the pallor may spread over the 
whole foot, and the secretion appear on the inner part only. Still, this 
is not always the case; with the upper nerves the pallor may be chiefly 
on the inner side of the foot, and with the lower nerves on the outer 


side. Similarly, the 6th grey ramus may cause complete pallor of the 
inner padlet and inner toe, and slight pallor only on the rest of the pad 


and the other toes. 


The differences between these results and those of Bayliss and - 


Bradford are, with one exception, very slight ; still, it may be worth 
while to formulate them. 

They find that the 8rd thoracic as a rule sends vaso-constrictor 
fibres to the fore foot. In the dog, the nerves have as a rule a more 
anterior arrangement than in the cat, so that we might expect a few 
vaso-constrictor fibres to be present not infrequently in the 8rd thoracic 
of the dog. The change in volume of the limb when produced seems to 
_ be barely perceptible, indeed the curve given in illustration can hardly 
be regarded as convincing. They find no vaso-constrictors for the hind- 
limb in the 4th lumbar nerve. A more frequent absence of such fibres 
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in the dog than in the cat would naturally arise from the more common 
anterior arrangement of the nerves in the dog; nevertheless I expect 
that with more numerous experiments some cases will be found in the 
dog in which the 4th lumbar contains vaso-constrictor fibres for the 
limb. 

They have found distinct diminution of the size of the fore-limb on 
stimulating the 10th thoracic nerve. As I have said, I have been 
unable to observe in the cat any secretion or change of tint in the fore 
foot on stimulating this nerve, but at the same time have not felt. quite 
certain of a complete absence of effect. 

Lastly, they find that the 11th thoracic nerve has vaso-constrictor 
fibres for both fore- and hind-limb. With regard to the hind-limb it 
may be noted that in my experiments the skin of the digits only was 
observed, 7.e. skin supplied entirely by the sciatic; in Bayliss and 
Bradford’s experiments, part of the limb supplied by the crural nerve 
was included in the plethysmograph. The crural nerve receives its 
sympathetic fibres from the 4th, 5th and 6th lumbar ganglia. Since 
the 12th thoracic nerve sends fibres to the 6th lumbar ganglion, it is 
fairly certain that (in the cat) the 11th thoracic sends fibres to the 5th © 
and probably to the 4th. Then the 11th thoracic nerve would cause 
vascular constriction in the area of the crural nerve. So that, Bayliss 
and Bradford’s results may have been due to a constriction in the 
crural, not in the sciatic area. But accepting the statement that the 
11th thoracic nerve sends vaso-constrictor fibres to the hind-limb, it is 
to my mind extremely unlikely that it sends such fibres also to the 
fore-limb. I propose to make some further observations with regard to 
this. 


NOTES ON OTHER SYMPATHETIC NERVE FIBRES. 


Relative distribution of secretory, vaso-motor and pilo-motor 
fibres issuing from the spinal cord in a given spinal nerve. In 
my account of the mutual connections between spinal nerves and 
sympathetic ganglia’, I have mentioned that as regards the sympathetic 
ganglia whose post-ganglionic fibres contain secretory and vaso-motor 
fibres for the feet and also contain pilo-motor fibres, the series of spinal 
nerves which send pre-ganglionic fibres to them is rather more extensive 
in the case of secretory and vaso-motor nerve fibres than it is in that of 
pilo-motor fibres. This matter deserves some further consideration. 


1 This Journal, xv. 176, 1893. 
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In the case of the feet we may take the secretory fibres as standing for 
both secretory and vaso-motor, and compare them with the pilo-motor 
fibres. 

Fore foot. The 4th thoracic is the highest nerve which ordinarily 
sends secretory fibres to thc ganglion stellatum (and so to the fore foot); 
whilst the 5th thoracic is the highest to send pilo-motor fibres to it. 
The 9th thoracic nerge is the lowest to send secretory fibres to the 
ganglion stellatum, whilst the 8th thoracic is usually the lowest to 
send it pilo-motor fibres. Thus the ganglion stellatum is ordinarily 
connected with the spinal cord by six spinal nerves if judged by 
secretory fibres and by four only if judged by pilo-motor fibres. It is 
true that the 9th thoracic nerve sometimes sends pilo-motor fibres to the 
thoracic part of the ganglion stellatum, but then it is possible the _— 
thoracic nerve may send it a few secretory fibres. 

Hind foot. The 12th thoracic nerve is usually the highest to oe 
secretory fibres to the hind foot. On various grounds, it is certain that 
these secretory fibres must run to the 6th lumbar ganglion and probably 
some to the 7th. About pilo-motor fibres we are in some difficulty, for 
- the 6th lumbar ganglion has no post-ganglionic pilo-motor fibres. But 
the 12th thoracic has so often a very weak and partial pilo-motor effect 
by way of the 5th lumbar ganglion that there is some reason for 
thinking the same arrangement holds here as in the fore foot. If we 
take the case of the 11th thoracic having secretory fibres, the matter is 
clearer. In the case given on p. 300 the distribution of the pilo-motor 
fibres of the 11th thoracic nerve was also determined. No pilo-motor 
fibres were found passing to any ganglion lower than the 3rd lumbar. 

With regard to the lowermost connections of the ganglia under 
consideration, we find that with a posterior plexus, the 4th lumbar 
nerve causes secretion, so that it sends secretory fibres to the 2nd if not 
to the 1st sacral ganglion, whilst the 3rd lumbar nerve is usually the 
lowest which sends pilo-motor fibres to these ganglia. 

Now the pilo-motor post-ganglionic fibres accompany the posterior 
primary divisions of the spinal nerves; whilst the secretory and 
vaso-motor fibres accompany the anterior primary divisions of the 
spinal nerve. So far then it appears that the cells of a sympathetic — 
ganglion which send their fibres to the anterior primary division of a 
nerve have a wider connection with the spinal cord by means of 
pre-ganglionic fibres, than have the cells which send their fibres to the 
posterior primary division. It is possible, however, that the differ- 
ence only concerns the number of fibres received from the spinal cord ; 
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the cells belonging to the posterior primary division of the nerve may 
receive some spinal fibres, but too few to produce an observable effect 
in the conditions of the experiment. 

Pelvic viscera. A similar arrangement appears to hold in the 
case of the 3rd sacral ganglion. I will take, as illustrating the point, 
the case where the plexus is posterior. Here the 5th lumbar nerve 
causes, amongst other effects, constriction of the vessels of the external 
generative organs. The sympathetic ganglia which send fibres to the 
external generative organs are the sacral ganglia’. If we assume that 
the fibres from the 5th lumbar nerve, other than those which run to the 
hypogastrics, end in the ganglia of the trunk of the sympathetic, then 
some of them must end in the 3rd sacral ganglion. But the 5th lumbar 
nerve causes no movement of hairs in the area of the back supplied by 
the ganglion, «.e. the pilo-motor cells of the ganglion which send their 
fibres to the posterior primary division of the 3rd sacral nerve receive 
no fibres from the 5th lumbar nerve, although the vaso-motor cells 
which send their fibres to the anterior primary division of the 3rd sacral 
nerve do receive fibres from the 5th lumbar nerve. 

Vaso-motor fibres of the tail. So far as I know no observations 
have been published upon the vaso-motor nerves which supply the tail. 
In investigating them, I have either cut through the skin of the middle 
or basal third of the tail, and noticed the rate of blood-flow from some 
small vessel, or cut through the whole of the structures of the tail; in 
the latter case the bleeding is at first profuse. In either case the blood 
must be wiped away with a sponge, at intervals of a few seconds, to 
prevent the blood vessels being clogged by clots. When any part of 
the sympathetic from about the 3rd lumbar ganglion downwards is 
stimulated the blood-flow from the cut surface of the tail is completely, 
or almost completely, stopped. The effect is bilateral, but is rather 
greater on the side stimulated. With the aid of nicotin it can be 
shown that the pre-ganglionic vaso-motor fibres of the mid and end 
portion of the tail are connected with nerve cells in the coccygeal 
ganglia. Those of the basal portion of the tail no doubt are connected 
with nerve cells in the sacral ganglia, but I have not made any direct 
experiments with regard to them. 

The pre-ganglionic vaso-motor nerves for the tail arise from the 
spinal cord chiefly from the 3rd and 4th lumbar nerves and to a less 
extent from the 2nd lumbar. Each of these nerves may cause a 
— increase in the blood-flow before the decrease takes place. In 

' Proc. Physiol. Soc. Dee. 1890 (This Journal, xu, 1891). 
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my experiments the primary increase was more constantly obtained 
with the 2nd than with the 3rd, and with the 3rd than with the 4th 
lumbar nerve. The lumbo-sacral plexus was in each case posterior, but 
I could obtain no decisive effect from the 5th lumbar nerve, so that the 
origin from the spinal cord, of the pilo-motor and vaso-motor nerves to 
the tail was apparently the same. The 4th lumbar nerve, however, had 
relatively a greater effect on the blood vessels than on the hairs. 
The lower sacral and coooy geal nerve-roots had no certain action on the 
blood-flow. 

Vaso-motor fibres of the trunk. When the skin of the ak: 
cut through in the middle line, is turned outwards and the sub-cutaneous 
tissue torn through, the dorsal branches of the lumbar and intercostal 
arteries can be seen issuing from the muscles. Each artery contracts on 
stimulating the grey ramus of its corresponding sympathetic ganglion. 
On stimulating, in the vertebral canal, certain spinal nerves, for instance 
the 1st lumbar, several successive arteries contract. I have made a few 
experiments with the 13th thoracic to the 3rd lumbar spinal nerves, 
with the special object of determining whether with each nerve the 
area of skin in which the arteries contract is the same as the area of the 
skin in which the hairs become erect. The upper and lower limits of 
vaso-motor and pilo-motor effects corresponded almost exactly, though 
in one or two cases the vaso-motor effect was, near the upper or lower 
limit, more distinct than the pilo-motor; and in one case the 3rd 
lumbar nerve (posterior plexus) caused hardly any movement of hairs in 
the skin areas of the 4th and 5th lumbar sympathetic ganglia, though 
it caused a marked contraction in the small arteries of these areas. The 
lateral extent of the vaso-motor action is, as was to be expected, greater 
than that of the pilo-motor action. 

It hardly needs, perhaps, to be pointed out that observations of this 
kind on the blood vessels afford a means of testing the correctness of 
the scheme of connections of the sympathetic ganglia, which I have 
deduced earlier: mainly from observations on pilo-motor nerves. I 
propose to continue the experiments, and with especial regard to the 
vessels of the ventral portion of the _— 


SUMMARY AND CONCLUSIONS. 


Hind foot. The origin of the secretory nerves from the spinal cord 
varies with the arrangement of the lumbo-sacral plexus. The lumbo- 
sacral plexus may be divided into classes according to the relative size 
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of the strands sent by the 6th lumbar and by the upper branch of 
1st sacral nerve to the sciatic. These may be further subdivided, for 
which subdivision cp. p. 297. With an anterior plexus the 3rd lumbar 
is the last spinal nerve to contain secretory fibres; with a posterior 
plexus the 4th lumbar contains secretory fibres and even the 5th 
lumbar may contain a few; with a median plexus there may or may 
not be a few secretory fibres in the 4th lumbar. The probable relative 
number of secretory fibres in the more effective spinal nerves with each 
class of plexus is given on p. 299. The 11th thoracic nerve has some- 
times a few secretory fibres. The upper effective spinal nerves often 
cause most secretion on the inner part of the foot, the lowermost on the 
outer part of the foot; this is due to the upper nerves sending their 
secretory fibres chiefly to the 6th (or sometimes 7th) lumbar ganglion, 
_ and to the lowermost nerve sending their secretory fibres chiefly to the 
2nd (or sometimes Ist) sacral ganglion. 

The area of the foot supplied with secretory fibres by the 6th 
lumbar, 7th lumbar, 1st sacral, 2nd sacral ganglia respectively varies 
also with the arrangement of the lower lumbar and sacral nerves; and 
broadly speaking so that the more anterior the nerve, the more the area 
supplied by the 2nd sacral ganglion is limited to the outer margin of the 
foot, and the more posterior the plexus the more the area supplied by 
the 6th lumbar ganglion is limited to the inner margin. With a 
median plexus and with others not too widely different from it, 
the whole of the secretory area of the foot is supplied by each of the 
four ganglia 6th lumbar to 2nd sacral. This does not mean that each 
gland is supplied with nerve fibres from each source, but only that in 
each part of the foot, inner, median and outer, one or two glands 
at least secrete on stimulating the grey ramus of each ganglion. 

The area of skin supplied by the grey ramus of each ganglion 
corresponds in the main with the area of skin supplied by the homologous 
posterior root fibres. But in the limbs the areas of the grey rami 
overlap more than do the sensory areas as described by Sherrington, 
whilst in the trunk they overlap less. 

Stimulation of the lower lumbar sympathetic on one side causes 
- sometimes a slight secretion on the foot of the opposite side, in conse- 
quence of some decussation of fibres in the sacral ganglia. In certain 
circumstances, stimulation of the 6th lumbar to 2nd sacral nerves in the 
spinal canal causes some secretion, this is due to direct stimulation of 
sympathetic fibres which have joined these nerves outside the spinal 
canal, and not to the presence of secretory fibres in the nerve roots. 
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Fore foot. Similar facts to those given for the hind foot hold for the 
fore foot, but they have not been worked out in such detail. 

Vaso-motor nerves for the feet. The origins and connections of these 
are practically identical with those of the secretory nerves ; but the spinal 
nerves and grey rami have commonly a less local vaso-motor than 
secretory action. 

Vaso-motor fibres for the tail. These arise chiefly from the 3rd and 
4th lumbar nerves, to a less extent from the 2nd, and with an anterior 
plexus, possibly also from the 1st lumbar. , 

‘Vaso-motor fibres for the dorsal body surface. Contraction of the 
small arteries supplying the skin of the trunk can be easily observed. 
The arteries in each skin area have, within narrow limits of variation, 
the same connection with the sympathetic ganglia and the spinal cord 
as have the erector muscles of the hairs in that area. 

These and other facts which I have given about the sympathetic 
nervous system are easier to grasp, if the general conclusions they lead 
to are borne in mind, These may be formulated thus :— 

Each ganglion of the sympathetic trunk is to be regarded as a 
primary centre and in the first place apart from any connection with the 
spinal cord. The fibres which it sends off run in the main to the 
corresponding spinal nerve and follow the course of the spinal nerve. 
These fibres are connected with all the peripheral structures with 
which sympathetic fibres can be connected, and which lie on its course, 
so that the function of the nerve fibres is determined by the structures 
in which they terminate, and not by the nature of the nerve fibres. A 
fibre proceeding frot¥a sympathetic nerve-cell has no other sympathetic 
nerve-cell on its course. The cells of Meissner’s and of Auerbach’s 
plexuses are not of the type of sympathetic nerve-cells, 

The fibres from the spinal cord to the sympathetic ganglia connect 
certain cells of the spinal cord with the cells of the sympathetic ganglia 
in the same way as the fibres of the pyramidal tract connect certain 
cells of the brain with the cells of the spinal cord. These spinal fibres 
become pilo-motor, vaso-motor or secretory fibres according as the fibres 
from the sympathetic cells with which they are connected end in 
erector muscles of hairs, muscles of blood vessels or in the sweat 
glands. | 
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‘THE TIME-RELATIONS OF THE VOLUNTARY 
TETANUS IN MAN. By DAVID FRASER HARRIS, 
B.Sc. (Lond.); M.B., C.M. (Glasgow); Second Assistant to the 
Professor of Physiology, University of Glasgow. (Plate VIIL) 


(From the Physiological Laboratories of Berne and Glasgow.) 


I was led to enter upon the following series of experiments by the 
advice of Professor Kronecker of Berne in Jan. 1890. I could 
only spend a month or two in his laboratory, but I have at various 
| times since then carried it on in the ee Laboratory of the 
University of Glasgow. é 
: I shall in the main describe the various experiments in chronological 
order, but, as several of them constitute as it were a natural group, 
these will be taken up together, although one or two of them may 
have been performed at a different time from the rest of the set. 
+ First Method. The apparatus was suggested by Professor Kro- 
necker. It was an elliptical concavo-convex plate of brass (designed to 
fit over the contour of the contracted biceps) having at its centre a short, 
wide, cylindrical tube of the same metal capable of being connected 
with the indiarubber tube of a Marey’s recording tambour. The plate 
was fixed down and the small air-space below it hermetically sealed 
by plaster of Paris bandages applied over the plate in all directions and 
| round the arm. When these had dried, contraction of the biceps (left 
ye arm) was made and maintained for a minute or two, but no oscillatory 
4 movements could be discovered in the lever which merely traced a 
= | horizontal line on the cylinder. The increased bulk or change of form 
of the muscle below the plate, simply condensed the air in the tube and 
pressed the lever up once for all. After several trials of this apparatus 
we abandoned it; amongst other disadvantages, there was the con- 
: striction caused by the stony bandages, besides their interfering 
£ considerably with the muscle’s contraction. Although we got no 
PH. XVII. 
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wave-tracing when the muscle was voluntarily contracted, we did 
get such a tracing when the biceps was “ faradised.” 

_ Second Method. The apparatus devised by Professor Kronecker 
now took the form of a hollow, slightly cylindrical tin case designed 
to extend from the elbow to the wrist. Its ends were to be air-tight, 
and on its upper aspect it carried a very thin membrane of gold-beater’s 
skin stretched lightly over a circular apertuse in the metal, The 
instrument was, in fact, an air-plethysmograph ; the mobile membrane, 
it was hoped, would oscillate synchronously with the vibrations. of 
the tetanic muscles (chiefly the long flexors of the fingers) maintained 
‘in action by flexing the fingers steadily for some minutes over a piece 
of wood held in the hand. The membrane carried a circular platinum 
plate of extreme thinness but of:about } the radius of the membrane. 
From the metallic plate a very fine wire passed to an electro-magnetic 
recorder, the circuit being completed through a Grenet’s cell and thence, 
via a simple controlling key, to a fine vertical screw above the metallic 
disc. The. screw could be adjusted with much nicety to touch the dise, 


and thus it was hoped each oscillation of the membrane would make 
‘and break the current between screw and disc and so influence the 


electro-magnet that its style would trace out in wave form a visible 


record of the muscle’s vibratory movements. 


The first difficulty we experienced was in making the space 
air-tight. We first plugged the ends with cotton-wool, which was 
not satisfactory, and then with cotton-wool soaked i in melted paraffin. 


‘We finally used thin indiarubber bandages over the ends of the tin case, 
but owing to the compression exerted by these there was much painful 


venous congestion of the hand and fingers. 

_ The next difficulty was in the behaviour of the membrane, and 
it was twofold—(1) when the tin case was not air-tight, on contracting 
the flexor muscles of the fore-arm, some air was driven out of the case 
and the membrane “sucked” inwards so that the current was never 
“made” at all. (2) Very frequently when the muscle contracted in 
the now air-tight space, the membrane was bulged up as a whole 
and the disc kept “jammed” against the screw so that the contact was 
never broken. 

Troublesome as these difficulties were to overcome, we found that 
there were here and there several instants, as shown on the tracing, 
during which the membrane had been oscillating up and down (we 
knew at the time of experiment when this was so from hearing the 
clicking or rattle of the armature-style). I would here remark that 
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the membrane not being elastic had no vibration-rate of its own, and. 
this, combined with the fact of the extreme reduction of the inertia of 
the vibrating plate, warrants us in believing that all the upward or 
contact-making movements (at any rate) of the membrane were, the 
result of the impact of air-waves and not of merely elastic recoil. 
Such a tissue as gold-beater’s skin cannot be said to have any “ proper 
period ” of its own, its movement ceasing as soon as the agitating force 
has ceased to act. As an indication of the sensitiveness of the 
membrane, I may mention that while resting my arm on one occasion, 
I noticed that the apparatus was acting as a true plethysmograph by 


‘giving a pulse-tracing : thus the membrane was agitated by relatively 
_ very small variations in pressure, 


On scrutinising the tracings given by this method one can count, by. 
aid of a hand-lens, the markings of the electric writer. The cylinder 
rotated at two rates, one double that of the other, the —r 
marked 

With the faster rate of drum, as the result of nine snc 
countings we have 10, 12, 23:3, 10, 10, 20, 20, 20, 26°6 vibrations per 
second respectively. For an average 16°8. For a mean 183. | 

With the slower rate as the result of five countings we have 10%, 
8°7, 10, 10, 10 vibrations per second, respectively giving on an | average 
as mean 9°75. 

' Thus, taking the mean between the average of the fast and that 
of the slow readings, we have 13°35 vibrations per second, I would here 
remark, what we shall find again in the course of these experiments, 
that on a slow drum the apparent rate of the voluntary tetanus seems 


(roughly) one-half of its rate on the faster drum. 


With this apparatus I also tried to compute the speed of single 
muscular twitches, as e.g. in shaking as fast as possible the index-finger 
of the hand lying out of the case, when I found the rate of these 
10 a second; the agitation made and broke the current at the finely 
adjusted screw-contact. 

When I imitated “shivering” of the arm, I seemed to get a rate 
which varied between this and 20 a second (the latter rare). Ten a 
second was much the commoner. Later work with this instrument, 
when the arm was shaken as rapidly as possible, showed a rate of 11 


per second in a tracing continuous for 10 or 12 seconds. 


Third Method. Professor Kronecker now suggested that I 
should. make use of the “loose contact” in the form of a “carbon 
resistance-pile,” and that the tetanic muscle should effect the inter- 
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mittent variations of pressure at the loose contact and so influence the 
resistance to a current flowing through the primary coil of an 
inductorium that the current would be concomitantly increased and 
decreased, thus giving secondary induced currents according to the 
well-known law. 

Before, however, I describe the apparatus used in this method I 
must allude to a paper by Griffiths’, In this paper it is objected that 
the rate of 8—13 per sec. of muscular contractions is too high “ when 
the muscle is not made to overcome any force external to the body... 


the higher numbers being due to resistance offered by the simultaneous — 


contraction of antagonistic muscles.” Such a conclusion bears directly 
on my work for, except in a very few instances, I made no attempt to 
eliminate antagonistic muscles. In many other cases I developed the 
voluntary tetanus to a full, vigorous, and, as I think, normal physio- 
logical extent by making the muscle or muscles investigated overcome 
external resistance, in short do work. Griffiths has indeed found that 
“in a given muscle, though there is an increase of the number of 
waves ” (per second in the myogram) “with an increase of the stretching 
weight up to a certain point, beyond this point any increase in the 
stretching weight is accompanied by a decrease in the number of 
waves,” 

_ All this I regard as perfectly normal; the better ie. more vigorously 
developed the tetanus is, the faster is its rate. The increment of speed 
is extremely little, the utmost he records is. 4-per sec. with the optimum 
weight. To get askeletal muscle merely to contract, i.e. do the minimum 
of internal work, and barely to pull on its insertion at all, for fear of 


developing antagonistic action is an ideal condition almost impossible of 


attainment and when attained gives no satisfactory indications of the 
events in full tetanus. 

The apparatus consisted of two different portions: one had the 
carbon resistance-pile in circuit with the primary coil, a capillary 
electrometer (viewed by a microscope) being in the secondary circuit. 
The other comprised the stroboscope in circuit with Kronecker’s 
improved vibrating reed worked by a battery. The stroboscope is 
essentially an electro-magnet whose vertically vibrating armature carries 
a dark card, with a number of horizontal slits on it, adjusted to 
vibrate in front of the capillary tube of the electrometer. | 

When the rate of vibration of the meniscus of mercury in. the 
electrometer is the same as that of the card of the stroboscope, then the 

1 This Journal, rx. 89, 1888, 
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appearance is as though the clearly defined convex edge of the meniscus 
was stationary. 

Now the rate of vibration of the mercury was determined by 
the rate of alteration of pressure in the resistance-pile influenced by the 
muscle in contact with it, and the rate of the stroboscopic card could be 


made equal to that of the mercury by altering the length of the reed 


which was graduated. 

I used the tongue largely in this set of experiments : having my 
head firmly fixed, I applied my tongue in various ways to the knob of 
the pile, sometimes with the dorsum in contact, sometimes with the tip, 
sometimes with the lower surface; in all cases an assistant reported 
synchronism between mercury and card when the reed was vibrating 
somewhere between 10 and 15 per sec. It needed some considerable 
practice to eliminate the effects on the pile of gross pressures, ¢.g. 
weight of head, shaking of it and so on; but with some care I contrived 
to overcome this difficulty. 

In several experiments I applied the muscles of the thenar emi- 
nence (as Schafer did to the tambour) to the pile directly ; in others, 
by means of a pair of wooden forceps, I bit the pile and found this 
method gave a very steady application. 

I also pressed the forceps between thumb and forefinger, and 
lastly, while resting the chin as steadily as possible on the button, I 
forcibly contracted the muscles which rotate the head forwards. 

In all these the average rate of vibration was found to be about 


12 per sec. 


Fourth Method. The apparatus consisted of two portions: 

(1) A Crossley’s microphone from whose secondary coils wires 
were led to a very delicate capillary electrometer. 

(2) Astroboscope, ie. an electro-magnet with the vertically vibrating 
dark card (as before described) in circuit with a battery and Kro- 
necker’s improved graduated electro-magnetic reed (with picid 
washing arrangement). 

The method was to bring the muscle or group of muscles undergoing 
the voluntary tetanus into contact with the sounding-board of the 
microphone, thus allowing the muscular vibrations to affect the micro- 
phone and through it cause synchronous oscillations of the mercury in 
the capillary electrometer. When the length of the graduated reed was 
so adjusted that the convex meniscus of the mercury seemed stationary, 
it was found that the reed was performing about 12—15 vibrations per 


sec, 
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Immediately thereafter we did an experiment based on the preceding 
result, The apparatus was arranged thus:—Kronecker’s improved reed 
was placed in circuit with a battery, stroboscope and primary coil of an 
inductorium, while from the secondary coil, wires were led to electrodes 
suitable for faradising the arm laid over Crossley’s microphone from 
whose “secondary coils” wires were led to the capillary electro: 
meter. The reed was adjusted to vibrate at 15 per sec. and the 
secondary coil arranged so that only the break shocks were felt, thus 
stimulating the arm muscles 15 times per sec. If then the tetanus 
was one of the same rhythm, it should have so affected the capillary 
electrometer that it oscillated 15 times per sec. After a — 
amount of trouble we convinced ourselves this was so. 

This result is in entire harmony with what Lovén and others sae 

found, viz. that the pitch of the muscle-sound varies with the rate of the 
tetanising stimuli. 
_ Fifth Method. In this and in many subsequent experiments usd 
was made of the telephone to detect the muscle-sound. I am aware of 
the comparatively small value of any “subjective” method, and especially 
of one concerned with observing the muscle-sound whose significance, 
and the precise information to be derived from which, are by no means 
as yet removed beyond the arena of debate. 

I first of all listened to the muscle-sound as ‘heard through a 
telephone connected by wires with two needles, one placed in the 
tendon, the other in the body of the gastrocnemius muscle of eg. a 
rabbit voluntarily contracting its hind-leg, or contracting -it as the 
result of slight sensory stimulation. The note heard is very similar to 
that heard when one listens to the note produced by closing the 
external auditory meatuses with the index-fingers and forcibly con- 
tracting the biceps; or by having one meatus closed and contracting the 
muscles of mastication. It is a low, rumbling, booming, whirring or 
buzzing note of “pure tone.” It is identical with the note heard when 
one listens with an ordinary wooden stethoscope over the biceps or 
other large muscle voluntarily contracted. 

Assuming then that about 15 per sec. was the rate of the voluntary 
tetanus, we performed the following quasi-confirmatory experiment: 

Kronecker’s reed was put in circuit with a battery and the primary 
coil. From the secondary coil electrodes passed to the semi-exposed 
gastrocnemius of the right hind-limb of a narcotized rabbit suitably 
fixed down over Crossley’s microphone. From its “secondary coils” 


wires passed to an ordinary Bell’s telephone-transmitter. The reed was 
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adjusted to’ vibrate at 15 per sec., break shocks only were used, and as. 


soon as the muscle became tetanic we heard a note in the telephone. 
identical with that produced in any soapinns tetanus either of the 
rabbit’s muscles or of man’s. ' 3 

This is the most appropriate place to allude to a series of 
“subjective” experiments performed in Professor McKendrick’s. 
laboratory. One of the small circular. microphones of the National. 
Telephone Co. was connected with the primary coil of an inductorium,. 
while from the secondary coil wires passed to a telephone transmitter.. 
I desired in this way ‘to listen to the note produced by a voluntarily. 
contracting muscle; the microphone being laid over the biceps, flexor 
muscles in fote-arm (or other convenient spot, e.g. temporal muscle), of 
another person. When I first tried to catch the note in the telephone’ 
I had the greatest difficulty (owing to the extreme sensibility of the 
microphone to the slightest noises) to eliminate the sound due merely 
to the friction between the skin and the microphone. After a while, 
however, I was able to discount the harsh, grating, crackling, superficial 
friction sound which accompanied the deeper, more booming, voluminous 
muscle-sound. It took some little practice to fasten the microphone to 
the arm so that friction was minimised: I found indiarubber bands of 
medium strength the best thing. Listening through the telephone in: 
this way I could hear a note practically identical in itself with that 
heard in the ears without the aid of instruments as above alluded to. 

This note was of course heard in the telephone when any definite 
conscious voluntary contraction was made, but I also heard it when such 
a long-continued muscular act as merely maintaining the arm perpen- 
dicular was performed. This I discovered through asking my assistant 
to hold his arm up, merely holding it steady and not consciously con- 
tracting any muscle, so that we might thoroughly eliminate all friction, 
since thus the muscles below the microphone would not move at that 
spot and therefore not disturb the skin between them and the in- 
strument. 

This result shows the tetanic character (provided the selena 
be allowed to be an expression of tetanus) of such a long-continued 
muscular act as merely maintaining a limb perpendicular. Neither 
elevating it nor keeping it from falling are single muscular contractions 
or “twitches,” but both are “discontinuous” or tetanic in character. 

Before quitting the subject of the muscle-sound I had better briefly 
record an experiment performed with the object of comparing the 
muscle-sound with the note emitted by a vibrating spring, as is 
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suggested in “Landois and Sterling.” I used Kronecker’s reed 
and endeavoured to get it to vibrate so that the note emitted was of a 
pitch equal to that of the muscle-sound as (1) heard in a telephone 
(connected as described above), and (2) heard directly by contracting 
the flexor muscles of the arm whilst a finger-tip closed the external 
meatus of one ear. I listened with the right ear to the note of the 
spring and with the left to the muscle-sound. Of course there was the 
greatest difficulty in obtaining the necessary degree of external quiet, 
and also in adjusting the electro-magnets so that the reed did not 
vibrate with excessive energy, and did not rattle upon the magnets. 
Even with these precautions I could not eliminate the overtones. 
After a very large number of trials of direct comparison in this way, I 
judged that the muscle-sound had the same pitch as the note emitted - 
by the spring when it was vibrating 25 times per sec. One would not 

lay much stress by way of proof on this result, and I am ready to admit 
that the note I heard was one of the overtones and not the fundamental, 
but supposing the latter were an (inaudible) tone of 12°5 per sec. then 
its first harmonic is an inaudible tone of 25 per sec., and its second 
harmonic an audible tone of 37°5 per sec. 

I imagine this last was the note I heard—almost precisely the 
“resonance-note of the ear” (Helm holtz)—produced, not as the octave, or 
first harmonic, but as the second harmonic of the inaudible fundamental 
of 12°5 vibrations per sec., the rate of the voluntary tetanus; that is to 
say — and not — (or 125 and not 18°5 or 19) would be the figure 
that 

While using the microphone in the manner already described I did 
one or two experiments with it and a nerve-muscle preparation of the 
_ frog’s gastrocnemius as follows:—the microphone was in circuit with a 
cell and the primary coil of an inductorium, while from the secondary 
coil wires passed to two platinum electrodes placed on the nerve of a 
sensitive preparation. The microphone was laid over my left biceps, 
and as soon as the muscle became tetanic, the frog’s gastrocnemius was 
thrown into the well-known vigorous tetanus as though stimulated by a 
vibrating Neef’s hammer. The tracing given on the revolving cylinder 
was that of an “incomplete tetanus” as evinced by a curve with very 
small superimposed serrations, produced with extreme rapidity (from 
70—90 vibrations per sec.). Now it is generally stated that the frog’s 


‘Third Baition, p. 495. 
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gastrocnemius is tetanised by stimuli of from 16 to 30 per sec., i.e. 


presumably “make” and “break” induction shocks of that rate. 


This would mean that the interruptions of the primary current were 
at the rate of 8 to 15 per sec.: now since the frog’s gastrocnemius 
became tetanic when the vibrations of the biceps in voluntary tetanus 
affected a microphone in the primary circuit, we may infer that the 
interruptions by the voluntary tetanus occurred at a rate of at least not 
less than 8—15 vibrations per sec. or on an average 11°5. 7 

Sixth Method. This method was plethysmographic. Professor 
McKendrick suggested the use of coal-gas as being a more mobile 
fluid than air, and accordingly I constructed a large glass tank having 
at one end direct communication by an indiarubber tube with a mano- 
metric capsule before the gas-jet of which a Wheatstone’s mirror could 
be revolved. My right fore-arm was immersed in the tank to a little 
above the elbow (where the aperture-was made as gas-tight as possible) 
and forcible tetanic contractions were made by grasping in the hand a 
suitable object. 

On revolving the mirror no “teeth” could be seen in the “ flame- 
picture.” At this stage we attributed our failure to see any “ indenta- 
tions” in the flame to our having used too large a mass of gas relatively 
to the exceedingly small vibrations to be communicated to it. © 

With this supposed source of error in view, we arranged to use a 
very much smaller volume of gas, and so I placed a circular manometric 
capsule over the flexor muscles of my left fore-arm, and maintained 
steady tetanus. Wheatstone’s mirror was slowly rotated, but no 
“teeth” could be discovered in the flame-image. Here we certainly 
had a small mass of air between the arm and the membrane, but the 
coal-gas being on the other side of the membrane constituted a medium 
very sensitive to the slightest alterations of pressure on the mass of air. 

We failed with this apparatus also to get “teeth” in the flame- 
image, and could only attribute that result to the comparatively slow 
rate of the vibrations which we were investigating, since vibrations 
between 100 and 250 per sec. are well seen in the mirror, while the 
rate of those with which we were concerned was probably only 7,th of 
that speed. 

Gas having failed to aid us, we thought a very mobile liquid such as 
ethylic ether might suit our purpose. I therefore filled a U-shaped 
glass-tube manometer with ether coloured with magenta, and connected 
the shorter limb by means of an indiarubber tube with a manometric 
capsule. We hoped that when the capsule was laid over a tetanic 
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muscle we might see oscillations of the ether in the longer limb, 
the free surface of the ether being scrutinised by a telescope. The 
most careful observation failed to detect any oscillatory movement in 
_ the ether: there was, of course, a large movement upward of the ether: 
as soon as tetanus began, owing to the condensation of the air in 
contact with the liquid in the shorter limb. 

We therefore abandoned methods of this character and turned our 
attention toward the transenivitng of the vibrations through metallic 
springs. 

Seventh Method. Before entering on the series of experiments in 
which I used metallic springs, I repeated Professor Schafer’s original 
experiment’. As the receiving tambour I employed an ordinary 
Marey’s cardiograph, but instead of bringing the button of it merely in 
contact with the contracting muscle, I held the tambour between the 
palm of my right hand and the thumb which was thus pressed pretty. 
tightly against the button. In short I made the distal phalanx of the 
thumb transmit vibrations (caused by the contractions of the muscles 
flexing it) to the tambour. The recording tambour &c, was quite as in 
Schafer’s method. From the tracing (Fig. 4) it is seen that an incom- 
plete tetanus is obtained; and other portions of the tracing show that 
the discontinuous character of it is best marked at the commencement: 
of the action, the individual wavelets tending to become fused later on 
—a feature I have repeatedly noticed in my tracings of voluntary 
incomplete tetanus, 7 

The average of nine readings selected at random over. the tracings is 
92 per sec., obtained thus—8, 7, 12, 9, 8, 7,13, 10,9. The extreme 
limits being, of this series 7 and 13, giving a mean of 10 per sec.—a 
result in entire accord with Professor Schafer’s. 

. At one place a rate of 183 per sec. was given: I have thought right 
not to include it in the above computation as its occurrence, I have 
reason to believe, is not frequent. If, however, we take At as our 
maximum we get 12°65 as the mean. 

Eighth Method. Following out Prof. Schafer’s method with one 
or two deviations therefrom, Prof. McKendrick and I had been 
using a Marey’s tambour with a hinged upright lever in such a fashion 
that different muscles in tetanus could be brought against the button 
on the free-end of the lever. Amongst other muscles so approxi~ 
mated to the upright lever we had brought the contracting temporalis 
muscle, _ actually obtained a tracing of a wavy line with a 


1 This Journal, viz. 111, 1886. 
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imposed waves of about 6 per sec. in frequency. We felt convinced 
that all the. vibrations of the muscle were by no means being trans- 
mitted to the receiving tambour owing to the absence of a sufficient: 
degree of elasticity 1 in the mechanism transmitting the o:cillatory move- 
ments to the air in the tambour. I therefore had prepared three steel — 
springs of such a length (4 inches) and thickness that they would 
exhibit the desired amount of recoil (elasticity) without having any 
“proper period” of vibration on their own account. That is to say 
they would not vibrate at all after the cessation of a disturbance (unlike 
a “reed”), but were perfectly ready to vibrate at any superimposed rate | 
so long as the intermittent pressures continued to be applied: ie. they 
vibrated synchronously with the muscles in voluntary tetanus. 

From the way in which the spring was fastened—securely clamped 
at one end by a vice upon an upright stand—and made to project 
horizontally i in front of the upright rod of the tambour, it was possible 
to pull the spring backwards with an amount of force which would have 
ruined the indiarubber of a if applied to it 
the button. 

My right forefinger was over the spring, the 
pressed behind the vertical bar as a point of resistance, and then the 
spring was drawn by a steady tetanic pull towards the rod of the tam- 
bour. In this way a moderately vigorous, well-developed tetanus was — 
elicited. In some cases the spring and the rod were in contact from 
the first moment of contraction, in others the spring was placed at such 
a distance that it only came in contact with the rod at the moment of 
most vigorous contraction and about the middle of the spring’s backward 
movement. Of course I could maintain the spring stationary at any 
point in its backward path by ceasing to approximate finger and thumb, 
and while avoiding as much as possible all shaking of the hand and arm, 
one could almost see the style of the recording tambour quivering. 

The tracings given in Figs. 5, 6, 7 are only a few out of a very me 
number obtained during several months’ work. | 

The two most serviceable springs used throughout these experiments 
I have called the “strong” and the “medium,” for there was a third, the 
“weak,” which I soon found of very little service. — 

Referring to my laboratory notes of this very large series of ex- 
periments an early observation is—with medium spring and medium 
rate of cylinder (3 cm. per sec.) 12—24 waves per second or 18 on an 
average were counted in many places throughout the tracing. With 
strongest spring and slowest rate of drum 7°5 was the average recorded 
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on this occasion. On a later occasion, after a large number of tracings 
had been taken, the following was a synopsis of results. With the 
strongest spring and the slowest rate of drum (3 mm. per sec.) we had 
6, 8, 7, 7, 7, 6, vibrations per sec. in six separate tetanic efforts, giving 
an average of 6°8 or a mean of 7: again with the medium spring and a 
faster rate (8cm. per sec.) we had 8, 10, 12, 14, 9, 11, 18 vibrations 
per sec, with seven separate tetanic efforts, ie. 11°7 on an average or 
9 as a mean. : 

On a later occasion we obtained—with medium spring and the 
fastest rate (circa 15cm. per sec.)—14 per sec. in a very unmistakable 
tracing. 

With medium spring and medium rate 14 per sec. was again very 
distinctly counted, while 17:1 per sec. was given by another tetanic 
effort. 

As a result of 12 countings at places selected at random over a 
tracing with medium spring and medium drum-rate, we have 6:2, 12, 
8, 14, 18, 12, 138, 12, 15, 18, 12, 15, which gives 13 per sec. fur an 
average and 12°1 per sec. for a mean. 

Proceeding to examine such tracings as those in Figs. 5, 6, 7. 

With strong spring and slowest rate of drum, I got 6, 7, 7, 10, 9, 6, 
7 per sec., giving an average of 7°4 and a mean of 8 per sec. 

With medium spring and slowest rate, I got 9, 7, 6, 5,8, 7, 6, 5, 7, 
11, 7, 6, giving as an average 7 and a mean of 8 per sec. 

Again, using medium spring and medium rate of drum, I got 8, 85, 
7, 15, 10, 11 vibrations per sec., giving as an average 9°9 or as a mean 
11 vibrations per sec. 

In another series of tetanic efforts with medium spring and medium 
rate, I got 8, 10°5, 16, 12, 10 vibrations per sec., giving 113 vibrations 
on an average, with a mean of 12. 

With the strongest spring and the fastest speed we found 8°5, 11, 8, 
8, 10, 10, 8 vibrations per sec. at seven different moments of a continuous 
voluntary tetanus, giving on an average 9 per sec. or a mean of 9°5 
per sec, | 

With the strongest spring and the medium rate, I got 6, 6, 7, 9, 6, 
7, 7, 6 vibrations per sec., giving 6°7 on an average or 7°5 mean. 

After all these experiments with springs, I am disposed to think the 
slowest rate of the rotating-cylinder too slow to accurately record such 
movements as we are here dealing with, the recording style being of no 
preeminent fineness at its extremity. I therefore regard the readings 
with the fast and medium speeds as really more reliable than those 
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with the slowest, at which rate I have little doubt there was fusion of 
the too closely approximated and relatively bluntly recorded wave-apices 
which, on the faster drums, were better individualised and thus rendered 
computable. Omitting, therefore, the records of the slowest drum, we 
have, as the average of nine sets of experiments (divided between 
fastest and medium rates), 12°32 as the average number of vibrations 
per sec. (or 12°3 mean): the figures are 9, 6°6, 10, 11°3, 14, 17, 13, 11°7, 
18 


Thus I have little doubt that, as manifested by this method, the 
rate of the voluntary tetanus is 12°5 vibrations per sec. 

Bearing in mind the results of Griffiths I have had the curiosity to 
analyse my results with the view of showing what relation exists 
between the force necessary to bend the springs (to that amount at 
which they were usually used) and the resulting vibrations of the 
muscle. I find the “medium” spring required a force of 500 grms, to 
bend it to the point at which (on the majority of occasions) it was used, 
while that of 800 grms, was needed for the “strong” spring. Eliminating 
as before the results on the slowest cylinder; with the medium spring 
12:5 vibrations per sec. are given on an average (as average of 4 averages), 

_ while 8'2 is the average for the strong spring. 
‘ Now upon the principles laid down by Griffiths I should have 
obtained just the reverse of this, viz. a larger number of waves per sec. 
| when contracting against a force of 800 grms. than when against a force 
: of 500, for the “optimum ” result, “i.e. the weight accompanied by the 
| highest number of waves per second” (Griffiths), is not reached till _ 
weight rises to about 5000 grms. © 
Moreover for a difference in resistance of 300 grams I get a 

: difference in waves per sec. of (12°5 — 8°2 =) 4°3, whereas Griffiths for a 
’ difference in resistance of 3000 grms. (5000—2000) has only a ~ 
difference of 1°5 waves per sec. (14 ‘5 — 13) in one set of observations, 
1 per sec. in another, and so on, i.e. very much less than the difference 
in my experiments. 
Ninth Method. A ieee cylinder capable also of vibrating 17 


4 | times per sec. transversely to its direction of rotation was used. The 
: transverse vibration was effected by an electro-magnetic arrangement 
9 devised by Professor McK endrick. 


A writing style at rest, just touching the smoked surface when the 
cylinder was both rotating and vibrating, traced out a regular wavy line 
| with 17 crests per sec., see Fig. 8. 

When I performed voluntary tetanus so as to make the strongest 
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spring vibrate in the same direction a3 the transverse vibration of the 
cylinder I obtained several tracings which on minute inspection 
(especially with a hand-lens) show in very many places the characters 
of a wave-system compounded of two simple — whose vibra- 
tion-rates are as 1 is to 2, see Figs. 8, 9. 

‘At certain moments no such “compounded” wave-form can be dis- 
covered, which is an indication that cylinder and spring were at those 
instants vibrating at equal rates. Now the rate of transverse vibration 
of the cylinder was known, viz. 17 per sec., and the question was, which 
vibrating body had double the rate of the other? It would be entirely 
opposed to all past experience to say that the spring (actuated by the 
voluntary tetanus) had a speed of 34 per sec., but quite in accord with 
what we already know if we say, on the contrary, that the tetanus had 
(at many moments) half the rate of the cylinder, viz. 4% or 8°5:per sec. 
This indeed is the only legitimate deduction from the experiments 
with this vibrating cylinder, and hence I think we are justified in 
‘assuming that the voluntary tetanus (as transmitted through this, the 
strongest) spring, had a rate which varied between a minimum of 85 
and a maximum of 17 vibrations per sec. This gives as a mean rate 
12° 15, a result 1 in entire harmony with previous work, | 


CONCLUSIONS. 


“1. The elimination of antagonistic muscles is practically impossible, 


and undesirable when it is necessary. to develope a normal, vigorous 


voluntary tetanus. 

2. The rate of the tetanus as “recorded upon the slowest drum or 
cylinder being, apparently, only half as fast as when the faster rates of 
the drum are used, is due merely to fusion of wave-apices; and thus in a 
research of this kind it is en to use the fast or medium rates of 
recording instruments. 

3. In the adult human hale the voluntary tetanus is an “incom- 
plete” tetanus, there being on an average 12'5 contractions per second, 
the minimum rate being 6, and the 1 maximum 18 per second, giving 
a mean of 12. 

4, I obtained no reliable record of a rate less than 6 per second, 
nor of one greater than 18 per sec. : 

5. In the majority of instances the tracing of the voluntary tetanus 
is more distinctly wavy at the beginning than at the end of the 
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continued contraction, that is to say the wave-apices are at the com- 
‘mencement much more discernible and therefore more easily counted. 

The muscular effort rises at once very rapidly to its maximum of 
force, and the average rate of the tetanus is higher at the beginning of 
the effort than at the end. ae 

6. <A portion of the ic dak corroborates the statement 
that the average rate of single voluntary muscular twitches (as e.g. in 
shaking one of the fingers as quickly as possible, shaking (imitating 
shivering of) the whole arm and hand, &.) is 10 or 11 a second—a 
figure sufficiently near to that of the rate of the voluntary tetanus as to 
be reckoned identical with it: thus we may say that the average rate of 
emission of stimuli from the cells of the anterior cornu of the spinal 
cord is 10—12 per sec., whether these stimuli are to produce at that 
rate individual “twitches” of the entire muscle (whose attachment is 
freely movable), or are to be directed in an intermittent stream into the 
muscle (whose attachment is not freely movable) in such a manner that 
the individual contractions are summated in a discontinuous fashion 
resulting, on graphic representation, in an “incomplete” tetanus of the 
same rhythm (10—12 per sec.). _ 

7. Schafer and Horsley’ have proved that “the seats of mus- 
cular response to electrical stimulation (faradisation) of nerve-centres is 
the same whether the excitation be applied to the grey matter of the 
cerebral cortex, to the fibres of the corona radiata, or to the spinal cord 
(but not to the peripheral motor nerves). 

“The rate of the rhythm is not the same as that of the excitation 
except when the frequency of excitation is 10 per second or less. 

“ With all higher rates of excitation, the rhythm of muscular response 
is maintained at a fairly uniform rate of about 10 per second” ; ; therefore 
in the light of the foregoing research we may conclude either 

(1) That the rhythm of volitional impulses proceeding from 
cerebral motor areas has an average rate of 10 or 12 per second or 
(2) That it has some (unknown) higher rate (for it is probably 
not less from the above-mentioned paper) transmuted into one of 10 or 
12 per second by the activity of the motor cells of the anterior cornua 
of the spinal cord. 


I would desire, in conclusion, to express to Professor Kronecker of 
Berne and Professor Me Kendrick of Glasgow my warmest thanks and 
great sense of indebtedness for their kindness during the prosecution of 

1 This Journal, viz. 96, 1886. 
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this research, and for their generous assistance from time to time not 
only in the matter of their valued advice but also of their valuable 
time. 

I have also to thank Mr Wainman Findlay, M.B.,C.M. of Glasgow | 
for his kindness in rendering his services as assistant in several of the 
experiments. 


PLATE VIII. 


_ Fig. 1 is a record of the movements of the electro-magnetic writer as used 
with the instrument of Method 2. Time-tracing in ¥,”. 3 | 
Fig. 2 ditto, drum going slightly faster. — : 

Fig. 3 ditto, drum slower ; time ,',”. 

-1—3 to be read from left to fing 

Fig. 4. The verification of Schifer’s method as described in Method i 
Time in seconds, | | 

Fig. 5. Tracings of “incomplete” tetanus using the strongest spring and 
the slowest rate of the drum. Time in seconds. 

Fig. 6. “Incomplete” tetanus recorded by means of the strongest spring, 
medium rate of drum. Time in seconds. 

Fig. 7. Ditto, fastest speed of drum. Time in seconds, one of which is 
drawn. 

4—7 to be read from right to left. 

Fig. 8. The vibrational movements of the voluntary tetanus transmitted 
through the strongest spring directly to the blackened paper on the surface 
of a cylinder not only rotating but vibrating transversely 17 times per sec. 
(as is calculated from the time-tracings in seconds given below, and the 
marking made by a stationary style). 

The tetanic vibrations were parallel to the direction of the cylinder’s 
vibration. 

Fig. 9. Ditto. Time in seconds, ie. rate of rotation of cylinder. 
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ON THE RESPONSE OF THE CHICK, BEFORE AND 
AFTER HATCHING, TO CHANGES OF EXTERNAL 
TEMPERATURE. By M. S. PEMBREY, M.A, M.B., Christ 
Church, Demonstrator of Physiology, University of Oxford. (With 
the Assistance of M. H. GORDON, Keble College, anv R. 
WARREN, New College.) (Four Figures in Text.) 


(From the Physiological Laboratory, Oaford.) 
THE respiratory exchange in eggs during incubation has been the 


subject of many investigations during the present century. It has 
been proved that the developing chick does even in the early stages 


give off carbonic acid and absorb oxygen. No experiments, however, 


appear to have been made to ascertain how far this respiratory exchange 
is dependent upon the temperature of the surroundings and how it is 
affected by changes of temperature. 

- The present investigation forms part of a research upon the power 
in virtue of which warm-blooded animals are able to vary their pro- 
duction of heat according to the varying temperature of their surround- 
ings. The chick is warm-blooded, but there are reasons for thinking it 
probable that during its development it passes through a stage, in 
which it responds to changes of temperature in a way more like that 
seen in cold-blooded animals than in those of constant temperature. It 
therefore seemed likely that an investigation upon the response of the 
developing chick to changes of external temperature would throw some 
light upon the evolution and nature of the power of the regulation of 
heat. 

We are able by determining the respiratory exchange, especially the 


discharge of carbonic acid, to follow with considerable exactness the 


changes in the production of heat in the animal body. It is obvious 
that simultaneous calorimetric observations are needed, if we aim at 
investigating the relation between the production of heat and carbonic 
22 
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acid. With our present means, however, it does not seem possible to 
make such calorimetric observations for periods sufficiently short for the 
purpose of observing the effects in heat-production of the rapid changes 
in temperature it was desired to investigate. In this research, there- 
fore, only the production of carbonic acid has been determined. 

The Method used in the Experiments. In these experiments the 
carbonic acid and water wére estimated gravimetrically by the same 
method as that used in my previous research; the method is a modifi- 
cation of that introduced by Haldane’. The following figure will 
explain how it has been modified to serve the present purpose. The 
determinations of the carbonic acid and moisture are accurate to two 
decimilligrams. Further details upon this point and test experiments 
are given in the papers referred to below ’*. : 

The egg-chamber is placed in a water-bath, which can be kept at a 
constant temperature by an automatic gas-regulator. The temperature 
of the water can be suddenly raised or lowered by opening the syphon 
and supplying hot or cold water from the reservoirs. By these means 
a variation of fifteen degrees can be produced in two or three minutes. 

Before each series of experiments the chamber in which the egg was 
placed and the rest of the apparatus were tested for air-tightness with 
a pressure of 8 to 12 cm. of water; this pressure was two or three times 
as great as that required for the ventilation. The rate of ventilation 
was generally 1000 c.c. in 4 minutes; the capacity of the chamber, 
when the egg was enclosed within it, was 150 cubic centimetres, The 
eggs and chicks, when not required for the experiments, were kept in - 
an ordiuvary incubator at a temperature of about 40°. 


PART IL. Tue ImMaTuRE CHICK. 


The following experiments relate to eggs in the 2nd week of 
incubation. Only examples are given here, further experiments will be 
found in the Appendix to this paper. 


Egg X, on the 12th day of Incubation. 
The egg had been in the incubator (T = 37°) during the previous night. 
It was placed in the chamber and water-bath (36°'5) and a ventilation with 
5 litres of pure air was carried on before the first period. 


1 Haldane. This Journal, 419. 1892. 
2 Haldane and Pembrey. Phil. Mag. April, 1890; Pembrey, This Journal, xv. — 
410. 1893. | 
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Fic. 1. A4—Bottle of soda-lime to absorb the carbonic acid of the entering air. At the bottom of the bottle is a layer of pumice 
to distribute the air and lessen the resistance; at X is a plug of cotton wool to prevent any soda-lime powder from being 
carried over in the current of air. 

B—Bottle filled with pumice which has been soaked in concentrated sulphuric acid. It absorbs the moisture of the air 
and any water given off by the soda-lime. 

C—A pair of absorption-tubes composed of two limbs, the first containing soda-lime, the second saturated with 
concentrated sulphuric acid. It is weighed before and after a series of experiments and thus checks the completeness of the 
removal of carbonic acid and moisture from the air. 

D—Glass coil placed in the incubator, to raise or lower the temperature ofthe ingoing air. 

E—Tube containing a thermometer, which gives the temperature of the ingoing air. 

F—Tube containing water, to moisten the ingoing air. 

G—The egg-chamber in the incubator. 

H—Bottle filled with pumice saturated with concentrated sulphuric acid to absorb the moisture. 

I—A pair of absorption-tubes com of two limbs containing pumice saturated with concentrated sulphuric acid to 
test the completeness of the absorption by H. | 

_ K—Absorption-tubes similar to C to absorb the carbonic acid. 

I—Absorption-tubes similar to C to test the completeness of the absorption by K. 

M—NMeter graduated to 10 cubic centimetres. 
nS ee beaker half filled with water. It is used to test the air-tightness of the apparatus 

resistance. 


RESPIRATORY EXCHANGE IN EGGS. 
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Consecutive periods of 1 hour. 


Temp. of water-bath 365 
CO, discharged in mgrms. 80 70 8:9 6:1 33. 28 


Egg M, on the 16th day of Incubation. 


The egg was taken from the incubator (T = 39°4), placed in the chamber 
_ and water-bath (40°) and the ventilation was continued for 30 minutes before 
the first period. 
Consecutive periods of 30 minutes. 
Temp. of water-bath 40 40 255 255 25 41:5 41 
CO, discharged in mgrms. 166 15:2 140 75 66 60 166 


Thus in the case of Egg X on the 12th day of incubation a fall of | 
10 degrees in temperature caused a decrease of 24 per cent. in the 
carbonic acid discharged in the first hour, a decrease of 59 per cent. in 
the second and of 65 per cent. in the third hour. In the 16th day 
embryo (Egg M) the effect of a fall of 15 degrees was in the first 
30 minutes a decrease of only 12 per cent. in the carbonic acid; in the 
next 30 minutes the carbonic acid fell to 53 per cent., and in a third 
period of the same duration the decrease was 59 per cent. The 
temperature was now raised 16 degrees, but the carbonic acid fell to 
62 per cent., and did not reach its normal value until the next period of 
‘30 minutes. It therefore appeared that there wash considerable delay 
in the production of the effect of a change in external temperature 
upon the rate of discharge of carbonic acid. To ascertain the cause of 
this delay some experiments were made for the purpose of determining 
at what rate the temperature of an egg changed when placed under the 
conditions of the experiment. For this purpose an egg, which had been 
in the incubator (T = 38°°9) for 19 hours, was taken and a small hole 
was made through the shell and a thermometer passed into the middle 
of the egg. This egg was now placed in the chamber and ventilated, 
the temperature of the water-bath being 38°°9, that of the ingoing air 
385, that of the egg 35°25. Fifty-eight minutes later, when the 
temperature of the egg was 36°75, the temperature of the water-bath 
was suddenly lowered to 24° and the ventilation was continued at a rate 
of one litre in five minutes. Readings of the three thermometers were 
taken every five minutes. One hour later the temperature of the 
water-bath was suddenly raised to 39° and the readings of the thermo- 
meters continued for another hour. The following curve (Fig. 2) repre- 
sents the result of the experiment. 
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A similar experiment was made upon an egg containing a living 
embryo of 15 days. The temperature of the water-bath at the begin- 
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ning of the experiment was 39°, that of the ingoing air 38°, that of the 
egg 38°. By means of cold water the temperature of the bath was 
suddenly lowered to 20°; the effect upon the temperature of the egg is 
shown by the following curve (Fig. 3). 


7 30 minutes 380 minutes 30 minutes $0 minutes 30 minutes 30 minutes 


| Fie. 3. 


The experiment was continued after raising the temperature of the 
water-bath to 34°, and the result is given in the next curve (Fig. 4). 
The embryo was still living on the following day. 
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These and other experiments show that there is a considerable delay 
in changing the temperature of an egg. 


30° 
29° 
28° 
27° 
26° 
25° -| / 
ae" 
23° 
22° 
o1° 
20° 
19° 
18° 
565 minutes 
Fie, 4. 


Experiments were now made to determine if the removal of a 
portion or the whole of the shell would hasten the response of the 
embryo to a change of temperature. ee 


Experiment upon Egg M, 18th day of Incubation. 


The egg was closed in the chamber and the ventilation continued for 
20 minutes before the first period, the temperature of the water-hath being 
35°—40°. 

Consecutive periods of 30 minutes. 

Temp. of water-bath 40°5 40°5 «24 24 

CO, discharged in mgrms. 20:0 14°8 13°1 8:1 

The egg was then replaced in the incubator (T = 39°-4) and kept there for 
1 hour and 20 minutes. The shell and shell-membrane over the air-sac, about 
2} square centimetres, were now removed. Very slight injury was done to 
the allantois. The chick could be seen moving under this membrane. The 
egg was now closed in the chamber and ventilated for 45 minutes before the 
fifth period, the temperature of the water-bath being 40°. : 

Consecutive periods of 30 minutes. | 

Temp. of water-bath 39 39 23-75) 23-5 23-25 

CO, discharged in mgrms. 163 168 169 126 6°7 6:1 

The chick was apparently in a good condition at the end of the experi- 
ment. 
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It will be seen from these figures that the removal of a portion of 
_ the shell did but slightly shorten the response, for both before and after 
removal of the shell the carbonic acid was reduced by about 25 per cent. 
by a fall of 16 degrees in temperature’. In the second period of 
30 minutes the carbonic acid was reduced by 53. and 60 per cent. in the 
two cases, the exposed embryo responding somewhat more readily. 

An experiment was now made in which the whole of the shell was 
removed and in addition that portion of the shell-membrane which 
covers the air-sac. 


Experiment upon Egg C, 19th day of Incubation. 


The egg was placed in the water-bath (39°) and the ventilation continued 

for 10 minutes before the first period. 
Consecutive periods of 15 minutes. 
Temp. of 

39°75 39°75 21°5 23 29°75 22°5 39 395 40.75 

CO, discharged) 17. 

65 73 77 65 5451 43 39 44°51 

Two-thirds of the shell were now removed and the egg was placed in the 
warm incubator. One hour later the remaining one-third of the shell was 
carefully picked off. The shell-membrane was slightly torn in two places, so 
that there was a small extrusion of the white of the egg. The egg was 
carefully placed in the chamber and the ventilation continued for 10 minutes. 
before the determination of carbonic acid ; the temperature of the water-bath 
was 42°, 

Consecutive periods of 15 minutes. 

‘Temp. of water-bath 42 41°75 41°75 23:5 23 23 395 40 40 

CO, dischargedinmgrms. 56 62 76 65 41 35 33 36 6:3 

The embryo was alive at the end of the experiment ; the shell-less egg was 
covered with wet filter-paper and placed in the incubator. The embryo died 
about four hours later. The weight of the egg minus the shell was 52 grms., 
that of the embryo without its yolk-sac was 27°5 grms. 


A consideration of the above figures will show that the complete 
removal of the shell slightly shortens the time of response; in the first 
‘period following the changes of temperature there is a close agreement 
in the results before and after removal of the shell; in the later periods 
the response appears to be more marked in the shell-less egg. 


* 1 The mean of the determinations 1 and 2 has been taken here, 
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PART II. Tae Mature CaIck. 


From the preceding statements it will be seen that until almost the 
last day of the third week of incubation changes of external tempera- 
ture determine after a longer or shorter period changes in the same 
direction in the respiratory exchange. The following observations upon 
the discharge of carbonic acid in the recently hatched chick show that, 
when healthy, it reacts to changes of temperature in a manner similar 
to that of warm-blooded animals. The reaction is rapid; a fall of 
20 degrees in external temperature will within fifteen minutes raise the 
carbonic acid to double its previous amount. 


Experiment upon lst day Chick from Egg 11. 


The chick was placed in the chamber (water-bath = 37°:5) and the ventila- 
tion was continued for 35 minutes before the first period. 


Consecutive periods of 15 minutes. 


Temp. of water-bath CO, discharged Remarks 
37°75° 0165 grms. Chick quiet. 
37°75 ‘0138 | 
17 0322 Chick active, chirping. 
17 0309 


The weight of the chick was 35 grms. 


Experiment upon day Chick from Egg P. 


The chick was in the chamber (water-bath 38°) and the ventilation was 
continued for 19 minutes before the first period. : 


Consecutive periods of 30 minutes. 


Temp. of water-bath CO, discharged Remarks 
37°75° ‘0408 gris. Chick fairly quiet. 
36°5 0412 
17 ‘0691 Chick restless. 
37 0396 | Chick quiet. 


Further experiments upon recently hatched chicks are given in the 


Appendix. 


PART III. PuHysioLogicaL TRANSITION FROM IMMATURITY 
TO MATURITY. 


In experiments upon eggs in the 21st day of incubation there was 
observed a condition which seems to be intermediate between those 
which have been described. 
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Egg IV, on the 21st day of Incubation. : 
At the beginning of the experiment there was a hole, about 1 cm. square, 


in the egg; the chick could be seen moving about ; it also put its beak out of 


the hole. The egg was taken from the incubator, placed in the chamber 

(water-bath = 37°) and the ventilation continued for 17 minutes before the 

first period. 
Conhaenibore periods of 15 minutes. 


Temp. of 

waterbathy 97538 2% 24 36 375 38 38-25 985 24 24 

merme 122 125 120 1247 146 15:3 147" 15-1" 169 14-5 


It will be seen from these figures that a rise or a fall of 14 degrees 
in temperature had no marked effect upon the discharge of carbonic 
acid. At a later stage, on the 21st and 22nd day of incubation, the 
response of the embryo in this egg was again tested; the chick had 
now enlarged the hole in the shell to about 2 cm. square; it was 
moving actively. 

Consecutive periods of 30 minutes. 

Temp. of water-bath 37-5 37°75 24 235 38 38 385 

CO, discharged in mgrms. 36:1 30:7 41:1 45:7 436 38:2 345 

When the temperature was lowered the chick became very active and 
made a much larger hole in the shell. | 


This experiment shows that the chick within the shell reacted as a 
warm-blooded animal; a fall of 14 degrees of temperature caused the 
carbonic acid to rise from ‘0307 grm. to 0411 grm. in the first thirty 
minutes. When the temperature was again raised to its previous value 
the carbonic acid gradually diminished. This chick was liberated from 


_ its shell the next day and lived. 


Other experiments show that this intermediate stage found on the 
21st day of incubation may also give place to the condition already 
described in the immature chick, that is, to a condition in which the 
response to a change of temperature resembles that seen in cold-blooded 
animals, The following experiment shows this point. On the 20th 
day of incubation the embryo had responded in a similar way to that of 
a cold-blooded animal. (Appendix.) — 


Experiment on Egg IX, on the 21st day of Incubation. © 


There are two holes in the shell; the shell-membrane is ruptured and the 
beak of the chick can be seen, The egg was placed in the chamber (water- 


1 Mean of three periods, ® Mean of two periods. 
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bath 57°) and the ventilation continued for 10 minutes before the first 
period. 
Consecutive periods of 15 minutes, 


Temp. of 
water-bath 00, discharged Remarks 
37° ‘0183 grms. The chick is quiet. 
37 ‘0159 
37 0195 3 
24 ‘0211 The chick is chirping. 
24 / 0194 ee “2 is chirping and pecking at the 
ell. 
24 ‘0204 The chick is chirping. 
36 ‘0167 The hole in the shell is larger; the chick 
: can be seen moving. 
35:5 ‘0216 
0216 
0216 
‘0216 
‘0217 
35:5 ‘0207 meg of the chick is projecting from the 
ll. 


The chick was now taken out of the shell and placed in the chamber ; it 
shivered. | | 


35°5 0209 The chick moves about and appears to be 
| comfortable ; it is somewhat coiled up. 
137 0212 The chick is still coiled up. Its movements 
are incoordinate. 

24 ‘0220 The chick chirps vigorously. 

24 0183 The chick is lying on its back, panting. 

24 ‘0152 

24 0122 


At the end of the experiment the chick was moist; it appeared to be 
miserable and somewhat feeble, lying on its side when taken out of the 
chamber and placed in the warm incubator. 


In this chick, which although fully developed was feeble and unable 
to stand, the effect of change of external temperature on the discharge 
of carbonic acid was similar to that seen in an immature chick; a fall 
in temperature was followed by a decrease in carbonic acid. The chick 
was kept in the warm incubator all night. The next morning it had 
recovered and appeared quite well. Its response to changes of tempe- 
rature was tested and it was found to react as a warm-blooded animal. 
The reaction however was not so marked as that seen in a chick which 


1 This period lasted 2} hours; CO,=°1909 grm., the mean for 15 minutes is given 
above. 
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has escaped in a normal manner from the shell. The details of this 
experiment and others upon eggs in the 21st day of incubation will be 
found in the Appendix. 

The development of the embryo is delayed by the exposure to cold, 
whith results from numerous experiments upon its response, and this 
slowness in growth is accompanied by a delay in the acquirement of its 
power of regulating its production of heat. The embryo, although it 
may have been incubated for over 21 days, responds as a cold-blooded 
animal. This is shown by the following experiments. 


Experiment on Egg V, 23rd day of Incubation. 
There is a hole about } inch square in the egg. The shell-membrane is 


broken and the chick can be seen moving. Numerous experiments on the 
16th, 17th, 18th and 19th day of incubation have been made upon the egg. 


Consecutive periods of 30 minutes. 
Temp. of water-bath 37°75 385 23 225 22 38 385 
CO, discharged in mgrms. 20:0 19°5' 15:7 104 70 87 146 
The chick died in the aol about four hours after it was replaced in the 
incubator. 


Experiment upon Egg III, 23rd day of Incubation. 
The egg was in the ventilated chamber (water-bath 39°:5) for 25 minutes 
before the first period. 


Consecutive periods of 15 minutes. 
Temp. of water-bath 39°25 39 38:75 24 24°25 || 23:9 


CO, discharged in mgrms. 65 67 69 62 42 30 

The chick died several hours after being replaced in the incubator. It 
was examined ; the allantoic membrane was vascular and a portion of the yolk- 
sac nearly 1 cm. long projected from the abdomen, The weight of the chick 
was 32°4 grms. The development had probably been delayed by the low 
temperature of the incubator (38°-3) and the experiments made upon the egg. 
The previous experiments are given in the Appendix. 


CONCLUSION. 


From the experiments already given and from those contained in 
the Appendix it will be seen that the developing chick during the 
greater part of the period of incubation responds to changes of external 


1 Mean of two periods. 
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temperature in a similar manner to that of a cold-blooded animal; that 
towards the end of incubation, about the 20th and 21st day, there is an 
intermediate stage in which no marked response is observed, and this 
apparently neutral condition is succeeded, when the chick is hatched, 
by a stage in which the chick reacts as a warm-blooded animal. The 
apparently neutral stage may be the resultant of two opposite ten- 
dencies, on the one hand the cold-blooded condition, on the other the 
imperfectly developed power of regulating the production of heat. This 
interpretation would seem to be supported by the experiments which 
show that the intermediate stage may give way to the cold- or to the 
warm-blooded condition, according as the chick is feeble or strong and 
healthy. 

It would appear that the power of regulating the production of heat 
depends upon the integrity and full development of the nervous control 
of muscular action. The healthy chick when exposed to cold responds 
by active muscular movement, increases its production of heat and 
carbonic acid; in the case of a feeble chick the cold may produce not 
increased excitability but collapse, the chick is unable to respond by 
increased muscular activity and passes into a condition resembling that 
of a cold-blooded animal. 

It would be premature to discuss this matter more fully. A further 
research upon the intermediate stage, the physiological transition from 
immaturity to maturity, is now in progress and there are grounds for 
the hope that it will be possible to determine the important factor in 
the power of regulation of heat-production and to find out how far the 
so-called ‘ vegetative’ processes and ‘animal’ processes are respectively 
concerned. 

In conclusion I wish to express my thanks to Professor Burdon 
Sanderson for much valuable criticism and advice upon this research. 
My indebtedness to Messrs Gordon and Warren for much assistance 
in some of the experiments has already been expressed. | 

Preliminary communications upon this research were given at the 
Meetings of the Physiological Society at Oxford, July 8th, 1893, and at 
University College, London, March 10th, 18941. 


LITERATURE. 


The following are the most important papers upon the respiratory 
exchange in eggs. 


1 Proc. Physiol. Soc. March 10, 1894, p. v. This Journal, xv1. 
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Baumgirtner, “ Der Athmungsprozess im Ei,” Freiburg 1. B, 1861. 

Pott and Preyer. Pfliiger’s Archiv. xxvu. p. 320, 1882, This paper 
contains a critical account of previous work upon the subject. 

Pott. Pfliiger’s Archiv. xxx1. p. 268, 1883. 

Diising. Pfliiger’s Archiv. xxxu1. p. 67, 1884. This paper gives the 
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APPENDIX. 


Here are collected together the results of the chief experiments made 
during the research ; those which have already been given in the text are not 
included here. The arrangement is according to the age of the developing 
chick. 


Egg X, 11th day of Incubation. 26. vi. 94. The egg had been in the 
chamber (T. = 30°—35°) during the previous night. 
Consecutive periods of 1 hour. 
CO, discharged in decimgrms. 52 
Temp. of water-bath 28 


Interval of 17 minutes, the egg remaining in the chamber which was 
ventilated, Temp. of water-bath = 28”. 


CO, discharged in decimgrms. 51 a ee 74 
Temp. of water-bath 39°55 339 


Egg M, 15th day of Incubation. 29. vi. 94. The egg was taken from 
the incubator (T.= 40°); it was closed in the chamber which was ventilated 
for 30 minutes before the first period, Temp. of water-bath= 40°. _ 


Consecutive periods of 30 minutes. 
CO, discharged 
} 145 #145 142147140 11999 75 63 61 
415 415 41 41 42°75 27 28:5 285 27-5 41 
Interval of 30 minutes, ventilation continued, Temp. = 40°. 
CO, discharged in decimgrms. 136 
Temp. of water-bath 39 


Egg H, 15th day of Incubation. 5. vii. 94. About one-half of the shell 
was removed, then the egg was placed in the warm incubator and protected 
by wet filter-paper. Forty-five minutes later it was closed in the egg- 
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chamber, which was ventilated for 30 minutes before the first period, Temp. of 
bath = 39°. 
Consecutive periods of 30 minutes. : 
CO, discharged in decimgrms. 108 112 120 151 102 63 39 
Temp. of water-bath 39 40 42 41 24 23:5 23-5 
The embryo died three days later. With the egg it weighed 36 grms.; 
when the shell and yolk-sac were removed the weight was 14°6 grms. 


Egg V, 16¢h day of Incubation. 19, vi. 93. 
Consecutive periods of 30 minutes. 
CO, dischargedindecimgrms. 141 142 132 132 1382 1382 133 133 113 90 82 89 120! 
Temp. of water-bath 39°5 39°5 39 39 39 39 39 39 25 25 38 37 38 


Egg C, 17th day of Incubation, 7. vii. 94. The egg was in the chamber 
(water-bath 39°) and the ventilation was continued for 10 minutes before the 
first period. 

| Consecutive periods of 30 minutes. 

CO, discharged in decimgrms. 135 1385 142 123 70 = 46 

Temp. of water-bath 40 41 41 19 19 19 


Egg V, 18th day of Incubation. 21, vi. 93. 

Consecutive periods of 30 minutes. : 
CO, discharged in decimgrms. 112 109 47 82 107 103 117 
Temp. of water-bath 25 385 38:5 38:5 38:5 38°5 
Egg V, 19th day of Incubation. 23. vi. 93. 

Consecutive periods of 30 minutes. 
CO, discharged in decimgrms. 99 99 105 40 73 100 105 
Temp. of water-bath (85:75 35°75 35°5 37 «37 «37-25 


Egg X, 19th day of Incubation. 4. vii. 94. The shell and shell-membrane 
were removed over the air-sac, thirty-three minutes later the egg was placed 
in the chamber, water-bath=41", and the ventilation was continued for 
23 minutes before the first period. 


Consecutive periods of 30 minutes. 


CO, discharged in decimgrms. 104 113 106 86 62 52 
Temp. of water-bath 40°75 40 40 2425 24 23 


At the end of the experiment the embryo could be seen moving under the 
membrane. It died the next day; with the egg its weight was 40 grms.; 
with the yolk-sac alone 35:38 ; without the yolk-sac 19°56 grms. 


1 This period lasted 11 hours, a mean result for 30 minutes is given, 
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Egg M, 19th day of Incubation. 3. vii. 94. The shell and shell-membrane 
(about 2°5cm. square) had been removed on the previous day. (See details 
of experiment in the text.) The egg was placed in the chamber (water-bath 
= 39°), and the ventilation continued for 30 minutes before the first period. 


Consecutive periods of 30 minutes. 
OO, discharged 
pire } 133 163 183 136 74 67 42 77 90 
Temp. of 
water-bath 
The embryo was seen to move when taken out of the chamber. It died 
the next day; its weight with the yolk-sac was 30-5 grm. 


39 39 39 24 23:75 23:25 22:75 39 40 


Egg III, 19th day of Incubation. 10. ix. 94. The egg was in the 
ventilated chamber, water-bath 38°-5, for 1 hour 20 minutes before the first 
period. 

Consecutive periods of 15 minutes. 
CO, discharged in decimgrms. 64 70 75 6245 42 43 
Temp. of water-bath 385 38°25 38:1 22 21:5 21 20°75 


Egg III, 20th day of Incubation. 11. ix. 94. The egg was in the 
ventilated chamber, water-bath 41°°5, for 25 minutes before the first 
period. 
Consecutive periods of 15 minutes. 

CO, discharged in decimgrms. 70 62 74 71 48 34 32 ~~. 
Temp. of water-bath 41°5 41°25 41-1 22°75 22°25 22-1 21-75 


Egg [X, 20th day of Incubation. 8. vii. 93. The chick could be heard 
chirping and pecking ; the shell is cracked and the shell-membrane is torn. 


Consecutive periods of 30 minutes, 


CO, discharged in decimgrms. 177 178 155 133 161 = 161 


The later experiments upon this egg and chick are given in the text. 


Egg I, beginning of 21st day of Incubation. 23. vi. 93. There was a 
small hole in the egg at the beginning of the experiment. 


Consecutive periods of 15 minutes. 


CO, discharged in decimgrms. 47 46 53 65 52 29 42 43 44 54 52 46 

Temp. of water-bath 37 37 37 24 24 35 37 37 37 37 37 37 

The chick could be heard chirping when it was replaced in the incubator. 
It died in the shell two days after the experiment, : 
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Fog Ll, 2ist day of Incubation. 12. ix. 94. The egg was in the 
ventilated chamber, water-bath 38°°5, for 45 minutes before the first 
period, 


Consecutive periods of 15 minutes. 


00, See | 60 59 65 6043 3732 4160 56 
in ‘decimgrms. 

Temp. of 38°6 24 23 37-75 39 39°25 39-5 
water-bath 


This chick was incompletely developed, as shown by the experiment made 
two days later (see below). — 


Egg VIII, 2\st day of Incubation and lst day Chick. 9. vii. 93. There 
is a hole about 1} cm. long and } cm. broad in the shell. The shell- 
membrane is torn for about 1 cm. in length. The chick is moving and 


chirping. The egg was placed in the ventilated — water-bath 38°:5 
for 6 minutes before the first period. 


Consecutive periods of 15 minutes. 
Temp. of CO, discharged 


water-bath in decimgrms. Remarks 
38°5° 129 Mean of two periods. 
181 ” ” ” 

6-387 242 The chick is freeing itself from the shell. 
29 248 The chick has its head out of the shell. 
28°5 205 The chick has almost freed itself from the 

shell. 
28 192 The chick is free from the shell; it moves 
actively. 
27:5 198 The chick moves less it appears to be 
miserable. 
37 190 The chick is quite moist ; it is quiet. Mean 
of five periods. 


a ‘The chick lived and appeared to be quite healthy. 


Egg III, 22nd day of Incubation. 13. ix. 94. Five hours before the 
experiment the egg was examined ; a small hole was made in the shell over 
the air-sac ; the chick could be seen moving under the shell-membrane. A 
slight tear was made in the allantois; it was vascular, a drop of blood 
escaped, The egg was replaced in the incubator. At the beginning of the 
_ experiment the drop of blood had coagulated and closed the hole in the shell- 
membrane ; the chick could be seen moving. | 
. >The egg was in the ventilated chamber, water-bath 39° 5, for 35 minutes 
before the first period. 
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Consecutive periods of 15 minutes. 
CO, discharged in decimgrms. 65 64 #69 53 45 
Temp. of water-bath “3336 22 
The chick was incompletely developed (see p. 341). 
lst day Chick from Egg II. 11. iv. 94. The chick was in the ventilated 
chains, water-bath 39°, for 50 minutes before the first period. 
aes Consecutive periods of 15 minutes. 
Temp. of rig, discharged 


water-bath in Remarks 
38°25° 153 Mean of two periods. 
38°5 192 Chick is chirping. Mean of two periods. 
15°5 312 Chick is active ; chirping lustily. 


lst day Chick from Egg IX. 10. vii. 93, The experiment upon this egg 
on the 21st day of incubation is given in the body of the paper (p. 339). 
Consecutive periods of 15 minutes. 


Temp. of CO, discharged 


water-bath in decimgrms, Remarks 
38° 128 Chick is quiet. Mean of two periods. 
36°75 195 Mean of two periods. 
36°25 296 
23°25 282 Chick is active, chirping. 
23°25 337 Chick is pecking the cork, trying to get 
out, 
23 $25 Chick is pecking - cork, trying to get 
out. 
37°5 308 
36°5 312 Chick is active. 
37°75 = 211 Mean of four periods. 
38 270 


The chick was quite well at the end of the experiment. Ite weight was 
40 grms. 

Egg K, broken yolk, no embryo, 17. vii. 94. The egg had been in the 
incubator seventeen days. It was in the ventilated chamber, water-bath 39°, 
for 30 minutes before the first period. ? 

Consecutive périods of 30 minutes. 


CO, discharged in decimgrms. 0 2 

Temp. of water-bath 38°5 39 

It was unknown at the beginning of the experiment that the egg was not 
fertile. When the egg was opened the yolk was found to be broken :. there 
were no traces of an embryo. 


PH. XVII. 23 
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Fog VIII, dead embryo. 11. ix. 94. The egg had been in the incubator 
for twenty days. It was in the ventilated chamber, water-bath 40°:5, for 
10 minutes before the first period. 


Consecutive periods of 15 minutes. 


CO, discharged in decimgrms. 1 ae 

Temp. of water-bath 4025 40. 

It was unknown, when the experiment commenced, that the embryo was 
dead. The egg was opened and a dead embryo about 2 cm. long was found ; 
it was not putrid. oe 

These two last experiments are only examples of several which were done 


‘upon unfertile eggs or dead embryos. They are given here because they are 


good test-experiments for the method. The eggs were not known to be bad 
and therefore the experiments were carried out only with the ordinary care 
bestowed upon the other determinations. When the eggs were putrid a small 


quantity of carbonic acid was given off. 
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IN NORMAL URINE. By 


ARCHIBALD E. GARROD, M.A, MD. F.R.C.P. 


SINCE the detection of the presence of traces of Heematoporphyrin in 
normal urine is of some interest in connexion with the not infrequent 
excretion of much larger amounts of that pigment in the course of 
various diseases, I have recently made a fresh series of examinations 
of the urine of twenty healthy individuals. Meanwhile the statement 
made in a previous paper! that such urines frequently contain traces of 
hematoporphyrin has been confirmed by Mr F. Gowland Hopkins, 
who employs an entirely different method for its detection, and who, in 
@ paper recently published®, says:—“It is quite certain that it 
(hematoporphyrin) appears, in small quantity, in very many normal 
urines.” 

In the present series of examinations, as in the previous ones, the 
soda process was employed. This process has already been described, 
but it will be well to give an account of certain improvements 
and precautions which further experience has from sean to time 
suggested. 

A portion of the urine to be examined is first rendered alkaline in a 
test tube, in order to ascertain the amount of earthy phosphates 
present. If the precipitate is very scanty some calcium phosphate 
dissolved in water acidified with acetic acid should be added to the 
urine. Such addition (which is never necessary in working with normal 
urines) must be made before the liquid is rendered alkaline, as other- _ 
wise the pigment is not carried down by the precipitate. 

The specimen of urine is then poured into a measuring glass, and 
there is added to it a 10°/, solution of sodium hydrate, in the proportion 
of 20 c.c. for every 100 c.c. of urine. The phosphate precipitate is next 
collected upon a filter and washed off the filter paper with water. In 
looking for minute traces only a single washing should be made or it 
may be dispensed with altogether; but when more is present and as 


1 This Journal, x111. 598. 1892. 
2 Guy’s Hospital Reports, i. 1893, 359. 
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pure a specimen as possible is desired, the phosphates should be washed 
until the filtrate is colourless. 

The washed phosphates (which may still contain hematin or the 
senna pigment in addition to hematoporphyrin and some yellow | 
impurity,) are treated with rectified spirit to which sufficient hydro- 
chloric acid has been added to dissolve the precipitate entirely, and the 
extract so obtained may be examined with the ssa winaats oe for the 
bands of acid hematoporphyrin. 

Ammonia is next added until the phosphates are reprecipitated 
and the extract is reacidified with acetic acid until they are completely 
redissolved. From the solution thus rendered acid with acetic acid, 
the hematoporphyrin is promptly and completely removed by chloro- 
_ form, and the chloroform shows the spectrum of the so-called alkaline 
hematoporphyrin’. This is owing to the fact that organic acids do not 
convert the pigment into the form in which jf yields the acid spectrum. 
For the present purpose this constitutes an important addition to the 
process as previously described, for in this way the alkaline spectrum, 
which is fainter than the acid one, can be readily observed, however | 
minute the quantity of the pigment present. If the chloroform extract 
which has a pink colour be now evaporated to dryness, and the residue 
be treated with rectified spirit it will often, but not always, be found 
that the hematoporphyrin is not dissolved by the alcohol, which washes 
away the impurities. If after a second washing with neutral alcohol, 


the residue be treated with alcohol acidulated with hydrochloric acid, — 


a pink solution is obtained which is perfectly comparable in tint with 
the purest specimens of acid hematoporphyrin prepared from blood. 
Even from normal urine it is possible to obtain, in this way, solutions, 
pale it is true, but of a pure pink colour. 

The urines examined were obtained from twenty individuals, none 
of whom were included in the previous series. All were apparently in 
good health and were pursuing their ordinary occupations. Some had 
just returned from a long stay in the country. All were males, for the 
most part in early adult life. The quantities of urine varied from 300 
to 1000 c.c.; the extracts, which were of small bulk (15—20 c.c.), were 
examined with a direct vision spectroscope, in bottles which allowed of 
the examination of small quantities of liquid through a depth of 4°5 
centimeters. It is very important that the layer of liquid should be as 
thick as this; and a direct vision spectroscope of small dispersive power 


1 If a large excess of acetic acid is added the neutral instead of the alkaline spectrum - 
may be seen. 


Bt 

4 
ae 

> 

| 

; 

s 

| 
| 

4 

ma} 

4 
mit 
4 

Th 


H#MATOPORPHYRIN IN URINE. 351 


is greatly to be preferred to a single prism instrument for the detection 
of such faint bands as are shown by the extracts from normal urine. 
Unless the examination of the extracts is made in the above manner 
the extremely minute amounts of the pigment contained in them are 
apt to be entirely overlooked. The results obtained are embodied in 
the following table, which is arranged in the order of the quantities of 
urine examined. 


Amount Acid 
of urine in hydrochléric Alkaline spectrum 
No. Age examined extract in chloroform 
1 26 years 1000cc. Very distinct Very distinct. 4 bands 
a. ae 750 ,, Very distinct Very distinct. 4 bands 
725 ,, Very distinct Very distinct. 4 bands 
S238 4, 600 ,, Faint Faint. 4 bands 
Sey 560 ,, Faint. Faint: narrow band in red not 
seen 
560 ,, Distinct Distinct. 4 bands 
a ae 525 ,, Distinct Distinct. 4 bands 
pe ee 500 ,, Distinct Distinct. 4 bands 
ee ss 500 ,, Faint Faint. 4 bands 
475. ,,  Femt Faint. 4 bands 
13 3, 460 ,, Very distinct Very distinct. 4 bands 
450 ,, Faint Faint: band in red not seen 
14. 28 , 450 ,, Distinct Distinct. 4 bands 
450 ,, Distinct Distinct. 4 bands 
375 ,, Distinct Distinct. 4 bands 
17 _ eee 350 ,, Distinct Distinct. 4 bands 
iS: 26... 300 ,, Faint Faint: band in red not seen 
300 ,, Faint Owing to excess of acetic acid 


the neutral instead of the 
alkaline spectrum was ob- 

tained in this instance 

ws 300 ,, Faint Faint: band in red not seen 

The first point to be noticed is that a trace of hematoporphyrin 
was present in every one of the twenty specimens, and that in each 
instance the identification of the pigment rested upon the observation 
of two of the absorption spectra which it yields under different condi- 
tions, and not as in the former instances upon the acid spectrum alone. 
This result renders it extremely probable that hzmatoporphyrin is 
constantly present in normal urine, although if the quantity examined 
be too small, or if the urine be too little concentrated, it may escape 
detection even by the process here described. I therefore obtained 
fresh specimens of the urine of two individuals, in which alone out of 
the nine urines examined two years ago, I had failed to detect the 
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presence of heematoporphyrin, and in these also I found evident traces 
of the pigment. 

The quantity present in different urines varies considerably as will 
be seen from the table, for although the bulk of the extracts varied but 
little the distinctness of the absorption bands was not by any means 
proportional to the bulk of the original specimen. The faintest bands 
were shown by the extracts from specimen 6, and in this instance as 
also in numbers, 13, 18 and 20 the narrow band in red of the alkaline 
spectrum which is always the first to disappear on dilution, could not 
be seen. Nevertheless the amount does not vary beyond somewhat 
narrow limits, and that present, even in the richest normal specimens, 
cannot be described otherwise than as a trace. 

From the collected extracts from specimens 1, 2, 3 and 4, represent- 

ing 3095 c.c. of urine, a solution of hematoporphyrin of very pure tint 
was obtained which was evaporated to dryness in a small platinum dish, 
allowed to cool in an exsiccator and weighed. The residue was then 
treated with alcohol, and the dish was afterwards found to have lost 
0°0023 gramme, corresponding to 0°0007 gramme per litre of urine. 
I do not put this forward as a quantitative estimation, but as giving a 
rough notion of the extreme minuteness of the amount of hemato- 
porphyrin present in, or rather obtained from normal urine, for even 
this minute residue probably contained other substances soluble in 
alcohol. 
_ In some experiments made some time ago, both by weighing and 
by a colorimetric process, upon the urine of a patient suffering from 
cardiac disease and nutmeg liver, which contained a much larger 
quantity of the pigment, fairly constant results were obtained which 
yielded an average of about 0°01 gramme per litre’, but the attempt to 
utilize the above as a quantitative process was abandoned because it 
was found that when a given quantity of hematoporphyrin estimated 
colorimetrically was added to normal urine, only about half the amount 
was recovered after the processes required for the purification of the 
extract, so as to render it available for oe purposes had been 
carried out. 


- [The expenses of this investigation ze among those covered by a grant 
from the Scientific Grants Committee of the Royal Society. ] 


1 Salkowski assigned to a dark red urine of a patient taking sulphonal, & maximum 
yrin content of 0°871 grm. per litre (Zeitschrift f. physiol. Chemie, xv. 300, 
1891.) : 
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A SIMPLE FORM OF GAS PUMP. By LEONARD HILL, 
M.B., Assistant Professor of Physiology, University College, 
London, and Grocers’ Research Scholar. (One Figure in Text.) 


WirH a view to the estimation of the gases in a number of small 
samples of blood such as could be obtained from a salivary gland during 
the states of activity or rest I have contrived a pump which can give 
qualitative results of sufficient accuracy with ten cubic centimeters of 
blood. This pump may I think be possibly of some general use in 
physiological laboratories on account of its simplicity, cheapness’ and 
rapidity of action. 

The pump as shown in the Figure consists of a mercury reservoir A 
of some 300 c.c. capacity which is connected with a second reservoir B 
by means of 120c.m. of thick pressure tubing. The junction of this 
tube with the reservoir B is surrounded by a mercury cup C. The 
upper end of the reservoir B is closed by a three-way tap D. By means 
of this tap the reservoir B can be put in connection with either the tube 
E leading to the blood receiver F or with the tube @ leading to the 
eudiometer H. The tubes and G are made of manometer tubing with 
a bore 2mm. in diameter. The blood receiver F, which also acts as the 
froth chamber, consists of three glass bulbs connected by short and wide 
junctions. Each bulb is about 4 c.m. in diameter, and the whole receiver 
is about 40cm. long. The glass tubes at either end of the blood 
receiver are made slightly bulbous, and to them are fixed with the help 
of thick vaseline pieces of pressure tubing about 20c.m.. in length. 
This pressure tubing has a diameter of 11 mm. and a bore of 2 mm. in 
diameter. The tubing is therefore too thick to collapse under atmo- 
spheric pressure. The success of the pump depends entirely on the 
quality of this rubber tubing. Half-a-dozen of such blood receivers 
are allotted to the pump for the purpose of obtaining successive samples 
of blood. 


1 The cost of the pump with three eudiometers and six blood receivers as made by 
Miiller, High Holborn, is £1. 6s. 
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In using the pump the successive manipulations are these— 

An open strong burette clip is hung on the tube #. The rubber 
tube at one end of the blood receiver F' is slipped on to the bulbous 
end of the tube F after the application of thick vaseline, and the 


receiver is placed in the position indicated by the dotted outlines. The 
chamber B is then put in connection with the tube Z by means of the 
three-way tap D and the reservoir A is raised above the pump and the 
whole system is filled with mercury to the top of the blood receiver F’, 
A strong burette clip is then placed on the rubber tube at the upper 
end of the blood receiver F, and the reservoir A is lowered until the 
blood receiver is exhausted excepting two or three c.c. of mercury which 
are purposely left within. The open burette clip hanging on the tube 
E is then slipped over the rubber tube at the lower end of the blood 
receiver and closed, and the blood receiver now clipped at either end, 
and exhausted, is detached from the tube # and weighed. 
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A sample of blood is then collected by pushing the arterial or 
venous cannula filled with blood into the rubber tube at one end of the — 
blood receiver as far as the closed clip. A sufficient quantity of blood 
is withdrawn by opening this clip and the clip placed upon the vessel of 
the animal, and defibrinated by shaking with the mercury left within 
the blood receiver. 

_ The receiver is then again weighed and slipped on to the tube Z 
after a fresh application of thick vaseline, and the tube Z and the junc- 
tion with the blood receiver is exhausted, and finally the clip at the 
upper end of the blood receiver, which now hangs as shown in the plate, 
is opened and the gases are withdrawn and collected in the eudiometer, 
_ The blood receiver hanging to the pump by 20c.m. of rubber tubing 
can be both immersed in hot water and freely shaken to facilitate the 
complete escape of the gases. The bulbs prevent the blood from froth- 
ing over into the pump, and if the action becomes too violent it can be 
‘immediately allayed by pouring a few drops of hot water on the tube £. 
By this means the bubbles are at once driven back and the pump is 
never fouled. | 

In testing the pump I have found that the pump and the blood 
receivers can retain a vacuum for twenty-four hours. By some determi- — 
nations of samples of defibrinated blood using potash and pyrogallic acid 
as absorbents, I have found the working average error to be about ‘4 p.c. 
In the least successful comparative results the error has always been 
under 1 p.c. | 
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ON THE ACTION OF CERTAIN SUBSTANCES ON THE 


HEARTS OF DAPHNIZ. By J. W. PICKERING, DSc. 
(Lond.), George Henry Lewes Student. 


(From the Physiological Laboratory of King’s College, London.) 


THE object of these experiments, which are the first of the series, is to 
test the action of certain substances on the hearts of animals, where the 
cardiac nervous system is not highly developed, so as to be able to 
compare the results obtained, with those recorded by Preyer! and 
myself? on the embryonic heart. 


The hearts of Daphniz can easily be studied by observing the whole animal 
in a hollow-ground slide, either in a drop of water, or in a solution of the 
substance to be administered. Each Daphnia has an individual cardiac 
rhythm, which, if external circumstances are unvaried remains constant. It 
is therefore necessary to determine the constant rhythm of each Daphnia’s 
heart, before studying the variations produced by drugs. 


Atropine Sulphate. 
Exper. 1. 15 Feb. 1894. Daphnia, normal heart rhythm, 142 beats 
per minute ; temperature of laboratory 55° F. 


Time Frequency Remarks 

3.47 142 In normal condition. 

3.48 142 Daphnia placed in 1 c.c. of solution of atropine sul- 
phate containing mgrm. 

3.50 160 Beats very strong. 

3.55 160 Rhythm unchanged during last 5 minutes. 

3.56 150 No change in characteristics. © 

4 Ditto. 

4.1 152 Ditto. 


From 4.1 till 5 o’clock the rhythm remained constant at 152 beats per 
minute, and no peculiarities of the beating were observed. 


1 Preyer. Specielle Physiologie des Embryo, Leipzig, 1885. 
* Pickering. Proc. Roy. Soc. Vol. 52, p. 461. This Journal, x1v. 383, 1893. 
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Exper. 2. 15 Feb. 1894. Daphnia had normal rhythm of 140 beats 
per minute; temperature of laboratory 57° F 

Time Frequency | 

10.12 140 The Daphnia placed in 1 C.c, of solution ‘3 mgrm. 

of atropine sulphate. 

10.14 144 ~— No change in rhythm observed. 

10.20 150 No other change observed. 

10.30 166 Ditto. 


10.38 166 During last 8 mins. rhythm unchanged. 
10.39 — Heart beats became very irregular, diastolic stop- 
‘pages alternating with feeble beating. 
- 10.48 — Condition during last 9 mins. unchanged. 
10.49 = Heart permanently stopped in diastole, and irre- 
: sponsive to electrical, mechanical, or thermal 
stimuli. 


Reference to my previous’ paper will show that atropine sulphate 
differs markedly in its action on the hearts of Daphnie, from that 
produced on the hearts of embryo chicks. Its action resembles that de- 
scribed by Plateau? on the heart of Homarus, but is more pronounced. 

Muscarine Nitrate’. 

Exper. 3. 16 Feb. 1894. Daphnia with normal rhythm of 140 beats 

per minute ; temperature of laboratory 58° F. 


Time Frequency Remarks 

1,17 140 Animal placed in 1 drop of saturated solution of 
muscarine nitrate. ; 

1.18 140 Violent defecation of the animal. 

1.20 140 No change in cardiac rhythm. 

1.26 140 During the last 6 mins. there was no change in 
the cardiac rhythm. 

1.28 148 Nochange in characteristics of the rhythm observed. 

1.36 148 During last 8 mins, there was no change. 

2.6 148 Characteristics unchanged. 

2.20 140 Animal irresponsive to stimuli, 


2.30 130 Ditto. | 

The animal at the close of this experiment seemed dead, but its heart was 
beating with considerable force at the frequency above named. The normal 
animal is very responsive to all classes of stimuli. 

Muscarine nitrate has therefore but little action on 
Daphnie’s hearts, but acts rapidly and strongly on the 
muscle of their alimentary canal. The absence of a depres- 
sor action on the heart is very similar to that previously 
described in my paper on the embryo-chick’s heart. 

1 Op. cit. 
2 Plateau. Bulletin de U’Acad. Roy. des Sc. etc. de Belgique, 2™° Série, T. 47, 207, 1878. 
3 Control experiments on frogs’ hearts showed the muscarine nitrate used to be active. 
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Veratrine. 


Exper. 4. 20 Jan, 1894. Daphnia with normal rhythm of 160 beats 


per — temp. of laboratory 55° F, 


3.5 


Noe 


ore 


Remarks 

Animal placed in 1 c.c. of sol. containing ‘1 mgrin. 
of veratrine. 

Characteristics of rhythm unchanged. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

apparently 

Ditto 

1 mgrm. of veratrine added. 

Beats weaker and drawn out. 

Beats stronger than above, but still drawn out. 

Beats weaker than normal. 

Ditto. 

Beats apparently normal. 

During the last 25 mins. beats apparently normal. 


I have been unable with the heart of Daphnia and Veratrine to get 
@ primary cardiac acceleration similar to that described by Plateau’ 
on the heart of certain crustaceans. The depressor action of veratrine 
on Daphnie’s heart is often removable by heat. 


Theobromine and Xanthine 


_ Have no apparent action on the hearts of Daphnia. 


Caffeine. 


Exper. 5, 22 Jan. 1894. Temperature of laboratory 55° F. Normal 
rhythm of Daphnia, 140 per minute. 


Time 
10,15 


10.17 
10.18 
10.20 
10.22 
10.23 


10.25 
10.27 
10.30 
10.35 


Frequency 
140 


148 
148 


Remarks 


Animal placed in solution containing ‘15 mgrm. 
caffeine. | 

Beats stronger than normal. 

Ditto. 

Ditto. 

Ditto. 

Beats stronger than normal, but not so strong as 
above. 

apparently normal. 
itto. 

Ditto, 

Animal placed in Few of sol. — ‘3 mgrm. 
of caffeine, 


loc. cit. p, 207. 
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Time Frequency Remarks 

10.37 144 Beats stronger than normal. 

10.39 146 Beats much stronger than normal. 

10.40 140 Ditto. 

10.42 128 Slight tonic constriction. 

10.50 125 Tonic contraction more pronounced. 

11 120 Tonic contraction still pronounced. 

11.15 120 Ditto. 

11.16 120 Animal placed in sol. containing ‘6 mgrm. of caffeine. 

11.18 100 Heart very contracted. , 

11.20 70 Ditto. 

11.21 — Heart has long stoppages in tonic contraction. 

11.25 — Heart stopped in tonic contraction, and oon tg 
sive to stimuli. 


From the preceding experiment it is evident that caf- 
feine acts upon the contractile substance of Daphnia’s heart, 
and that its action is similar to that on the hearts of 
embryo chicks. 


SUMMARY OF RESULTS. 


1. That each Daphnia’s heart has an individual rhythm, which if 
external circumstances are unvaried remains constant. : 

2. That atropine sulphate in doses of ‘3 mgrm. increases the cardiac 
frequency, and maintains the heart rhythm for a comparatively long 
period of time, at a greater frequency than the normal. That doses of 
3 mgrm. at first greatly increased the frequency of the rhythm, but 
after a period of action varying from 20 minutes to half-an-hour 
irregular feeble beating sets in, and culminates in diastolic stoppage 
and loss of irritability. 

8. Muscarine nitrate even in large doses (saturated solution) does 
not greatly influence the cardiac rhythm. A rise of frequency of eight 
beats was the greatest change observed in a large number of experiments. 
Muscarine acts violently on the animal's intestines, and destroys the 
general irritability. The heart-beats continue after the animal is 
irresponsive to all classes of stimuli. 

4. A comparatively large dose of veratrine, viz. 2 mgrm. does not 
seriously impair the cardiac rhythm, but exhibits its characteristic 
action. The action of the veratrine is removable by heat. 

5. Caffeine acts directly on Daphnie’s hearts, causing in small doses 
an increase of both force and frequency; in larger doses pronounced 
tonic contraction, culminating in systolic stoppage. 

6. Theobromine and xanthine have no apparent action on the 
cardiac rhythm. 

Oct. 9, 1894, 
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NOTE ON THE COMPARATIVE ANTISEPTIC ACTION 
THE PHENYL-SUBSTITUTED ‘FATTY ACIDS. 
By J. PARRY LAWS, FLC. ee 


In the 13th and 14th Annual Report of the Medical Officer to the Local - 
Government Board, it has been shown by Dr Klein and myself in 


experiments with phenol, phenylacetic acid and phenylpropionic acid 


that the last named had a more powerful antiseptic action on a pure 
culture of anthrax bacilli free from spores than phenylacetic acid, and 
that these acids were in turn much more powerful than phenol. I 
therefore thought that it would be interesting to ascertain whether the 
next higher member of this series of fatty acids, viz. phenylbutyric acid, 
possessed a more powerful action than phenylpropionic acid. In order 
to prepare pure phenylbutyric acid, I adopted with slight modification 
the process described by Fittig and Jayne’. Instead of reducing the ~ 
isophenylcrotonic acid with sodium amalgam, and carefully neutralising 
the alkali set free, it was reduced by heating with hydriodic acid 
(sp. gr. 1°7) and red phosphorus in a flask to which an inverted 
condenser was attached. Water was then added to the flask and the 
contents filtered. The solid residue was dissolved in ammonia to 
separate the phosphorus, the acid reprecipitated from solution and 
extracted with ether. The ethereal solution was dried and the ether 
evaporated off. The acid distils about 280°C. and solidifies to a 
crystalline mass. When purified by crystallisation from water it softens 
at 48°C. and melts at 51°C. On analysis the following results were 


obtained 
Calculated for C,,H,,0, 
Carbon 72°88 73°17 
Hydrogen 712 731. 


By using the above modification of Fittig and Jayne’s process, a 
relatively much larger yield of the phenylbutyric acid is obtained. I 


1 Annalen chem. Phys, Vol. 216, p. 97. 
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take this opportunity of expressing my indebtedness to Mr J. E. Marsh, 
M.A., for the valuable help that he gave me in the preparation of this 
acid in the chemical laboratory at Oxford. 

There are two modes of action by which the influence of any given 
agent on the life and growth of a specific infective or septic. micro- 
organism may be judged. 

Ist. The restraining influence. 2nd. The killing power. The 
restraining influence of any substance is found by determining the 
smallest percentage of the agent which it is necessary to add to a 
favourable soil in order to prevent the development of the organism 
under observation. The killing power is found by determining the 
amount of substance it is necessary to dissolve in a liquid medium 
favourable to the growth of the organism, so that when the organism is — 
sown in this mixture and transferred after a given time to a virgin soil — 
its vitality may be so impaired that it is incapable of any development. 

The following are the details of the experiments made to determine 
the restraining influence and killing power of phenylbutyric acid on 
sporeless anthrax bacilli. The cultivating medium being peptone broth — 
and the temperature of eactacagio 35° C. 


influence. 
Exp. I. Solution containing 1 part of acid in 1000 of broth. 


0:100 grammes in 100 cc. 
5 tubes inoculated with anthrax were sterile after 6 days. 


Exp. II. Solution containing 1 part of acid in 2000 of broth. 
0-050 grammes in 100 c.c. 
5 tubes inoculated with anthrax were sterile after 6 days. 


Bit IIL. Solution containing 1 part of acid in 4000 of broth. 
0-025 grammes in 100 c.c. 
5 tubes inoculated with anthrax. After 24 hours 2 of the 5 tubes showed 
fair growth, the 3 remaining tubes showed copious growth after 48 hours. 


Exp. IV. Solution containing one part of acid in 3500 of broth. 

| 0-0286 grammes in 100 c.c. 

5 tubes inoculated with anthrax. All showed copious growth on second 
day, growth somewhat restrained for the first 24 hours. 


Exp. V. Solution containing one part of acid in 3000 of broth. 
0-033 grammes in 100 c.c. | 
5 tubes inoculated with anthrax showed fair growth on second day. 
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Exp. VI. Solution containing 1 part of acid in 2500 of broth. 
0:040 grammes in 100 c.c. 
5 tubes inoculated with anthrax. All 5 tubes sterile after 5 days 
incubation. 


Exp. VII. Repetition of Exp. VI. 
5 tubes inoculated with anthrax remained sterile after 5 days’ incubation. 


Killing power. 

In determining the killing power #, of a cubic centimetre of a 
sporeless anthrax culture was mixed with 10c.c. of peptone broth 
solution containing a known quantity of phenylbutyric acid. At 
intervals of 5, 10, 15, 20 and 30 minutes, minute quantities were trans- 
ferred from this mixture to a suitable soil, to determine what effect the 
exposure to the antiseptic had produced upon the life of the organism. 


Exp. I. Solution containing 1 part of acid in 1000 of broth. 
0:100 grammes in 100 c.c. 
All the tubes inoculated at the above intervals with the exeephon of the 
30 min. tube were fertile. 


Exp. II. Solution containing 1 part of acid in 500 of broth. 
0°200 grammes in 100 c.c. 
5 minutes’ exposure to this strength was sufficient to kill the bacilli. 


Exp. III. Solution containing 1 part of acid in 650 of broth. 
0°153 grammes in 100 c.c. 
Only the tube inoculated after 5 min. exposure fertile, the remainder 
showed no sign of growth after prolonged incubation. 


Exp. IV. Solution containing 1 part of acid in 700 of broth. 
0:143 grammes in 100 c.c. 
Only the 5 minutes’ tube fertile. The remaining tubes sterile after long 
incubation. 


It will be seen from the above experiments that phenylbutyric acid 
restrains the growth of anthrax bacilli, when present in the proportion 
of 1—2500, and that it kills the sporeless bacilli when they are exposed 
for 30 minutes to a solution of 1 in 1000 or for 10 minutes to a solution 
of 1 in 700. 

In the following table I have compared the relative restraining and 
killing power of phenol, phenylacetic, phenylpropionic acid, and phenyl- 
butyric acids on anthrax bacilli. 
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Restraining power 1—700 notdetermined 1—1900 ae 
Killing power 1—200 1—450 1—600 1—1000 
Length of exposure 45 min. 30 min. 30 min. 30 min. 


It is interesting to note that the phenyl-substituted fatty acids 
increase in antiseptic power with the increase in the molecular weight 
of the acid, whereas Duggan! has shown that in the fatty acids series 
itself the converse holds good, formic acid being more powerful than 
propionic acid in restraining the growth of bacillus subtilis. His results 
are as follows: 

Acetic acid 
Propionic acid 12°/.. 


These percentages almost exactly correspond to their relative 
molecular weights and —— to their relative saturating power 
of bases. 


1 American Chem. Journal, vi. 62. 


PH. XVII. | 24 


& 
+ 
Bit 
be 


ON THE EFFECTS OF THE KNEADING OF MUS- 
CLES UPON THE CIRCULATION, LOCAL AND 
GENERAL. By T. LAUDER BRUNTON, F.RS. anp 
F. W. TUNNICLIFFE, MD., M.R.C.P. (With 3 Figures in 
Text.) 


THE experiments the results of which are given below had for their 
object (i) the determination of the changes occurring in the circulation 
in a given group of muscles during, and after massage of them, and 
(ii) the effect upon the general blood pressure of the massage of a 


considerable muscular area. 


The method adopted to detect any change in the amount of blood 
flowing through a given group of muscles was the same in principle as 
that invented by Ludwig and used by his pupils Sadler and Gaskell?, 
viz. the determination of the amount of blood issuing in a given time 
from the efferent vein. 

All stasis of blood in the muscles was obviated by directing at will, 
by means of clamp forceps, the venous blood issuing from the muscles 
either through the efferent cannula, or through the femoral vein, back 
to the heart. The cannula, as described by Gaskell was inserted into 
the femoral vein, and all branches except that coming from the extension 
muscles were ligatured. 

Two modifications in method were introduced by us. One consisted 
in the use of three-way cannule on the pattern of the Francois-Franck, 
with very large bulbs, and short necks, which were filled, as was the 
whole system of tubes into which the blood was received, with a 25 °/, 
solution of magnesium sulphate. The long horizontal limb of the 
cannula was closed by a glass stopper*, made to fit tightly by having 


1 Ludwig's Arbeiten, 1869, p.93. 
2 Gaskell. Ludwig’s Arbeiten, 1876, p. 45. 


- us (Tunnicliffe) 24 years ago in conjunction with Mr Locke for blood pressure work. 
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a piece of rubber tubing slipped over it. The second modification was 
that the volume of blood lost was measured, not by the change in level 
of the column of the anticoagulation fluid, in the distal limb of a 


U tube (vertically), but by the advance of this column along a long. 


graduated tube placed horizontally exactly at the level of the vein, and 


of sufficiently narrow bore to give an even meniscus. The advantage of, ye pa 
this method was, that starting with the long graduated tube at the level of _ 


the vein, there was no negative pressure tending to suck the blood out 
at the beginning of bleeding, and as the volume of blood lost increased, 
this latter did not, as when it was registered vertically, exert a positive 
pressure, and thus tend to diminish the volume of blood lost towards 
the end of the bleeding. When we bear in mind the lowness of 


venous blood pressure the influence exerted at the beginning by a : 
negative pressure, and at the end by a positive one, is not to be © 


neglected’. Before and after each observation the whole system of 
tubes including the portion of the vein next the cannula was washed 
out by means of a syringe, which was at other times clamped off. If 
during the washing out a clot was found, which thanks to the shape of 
the cannule and the MgSO, solution, was very seldom the case, the 
previously obtained readings on the graduated tube were discarded. 
As a rule both femoral veins were prepared and the right or left used at 
will for observation, by clamping off the tube leading from the other to 
the wash bottle. Time was measured by a metronome. The long gradu- 
ated tube was provided with a number of rubber rings made by snipping 
ordinary red tubing of such a size as to permit of being easily moved up 
and down the tube, but fitting too tightly to slip. The arrangement of 
the apparatus is best seen from the accompanying diagram (Fig. 1, A). 
The long horizontal tube, which was graduated to }c.c., is shown at a; 
by means of the screw clamp at c the recording apparatus could be 
completely cut off, this was useful during washing out. The screw 
clamp 6 and the T piece d were inserted for bringing back the level of 
the fluid to the zero of the scale at the end of each observation, by these 
means this could be accomplished without disturbing the rest of the 
apparatus. The other parts of the apparatus explain themselves. The 
cannula used is drawn at B (Fig. 1). To begin an observation, the 
syringe tube being clamped off, the vein cannula was by opening the 
corresponding clamps put into communication with the wash bottle, and 
through it with the long graduated tube, the current of venous blood 
was then directed through the cannula by applying the bulldog forceps 
1 ‘The modifications in method were due to one of us (Tunnicliffe). 
24—2 
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to the femoral vein on the proximal side of the opening of the muscular 
vein, and removing the bulldog forceps from that. part of the femoral 
vein lying between the opening of the muscular vein and the cannula ; 


_ almost immediately the column of fluid in the graduated tube began to 


= 


4 


advance. When it was fairly started, a rubber ring was placed at the 


level of the fluid, and the time counted by the metronome. After an 
interval of 5, 10, 20, or 30 seconds as the case might be, another ring 
was placed at the level of the advancing column of fluid, which marked 
its position at the corresponding time. The position of the column was 
marked at the end of each interval in this way, throughout the whole 
observation, which was brought to a close by applying the distal bull- 
dog forceps to the femoral vein, and removing from it the proximal 
ones. The distances between the rings gave the amounts of blood lost 
in the corresponding time intervals, and could be noted at leisure at the 
end of each observation. 

To save confusion the same time interval was always used throughout 
a given observation, and the rubber rings were differently turned for the 
intervals during simple bleeding, during massage and after massage. 

This method greatly facilitated the exact determination of the 
amount of blood lost during a given short interval of time, and since 
the whole could be read off at the end of the observation, no interruption 
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of this. for the purpose of reading was necessary. Owing to the fact 
shown, by Gaskell’, that bleeding from the efferent muscular vein 
tends to diminish with the length of the observation, any loss of time 
during a continuous bleeding introduces an important element of error. 

The animals used for the experiments were cats and dogs, they were 
fully anesthetized and were absolutely free from any manifestations of 
struggling during the bleeding observations. | 

The routine method was to ascertain the amount of blood lost in a 
given time (i) during simple bleeding, (ii) during kneading of the muscles, 
(i1)) after kneading. 

With regard to the method of massage it should be said that when 
the animal was under the anaesthetic the cords fastening the legs to the 
rabbit holder, or the dog table, as the case might be, were loosened, and 
the buttocks well raised on a cushion. The result of this was that at 
the desired time massage could be commenced at once, without altering 
the position of the leg, the hand being passed beneath the leg, and the 
muscles at the outside of the thigh firmly kneaded between the fingers 
and thumb. The raising of the limb alone apart from any massage, 
caused an increase in the flow of blood, and it was to avoid this source 
of error that the buttocks were well raised at the beginning of the 
experiment so as to leave room for the introduction of the hand 
between the board and the animal’s thigh. The experiment protocols 


are as follows. 


Experiment I. Female cat. 2°5 kilos. Left leg used. The number of 
c.c. given is in each case the average per 5 secs. during 30 secs. 


Oss. I. Simple bleeding 2 «ec. 
| During massage 6 oc. 
Immediately after massage 38 c.c. 
2 mins. after cessation of massage ‘6 c.c. 
10 mins. _,, ‘12 c.c. 
Massage was repeated 11 mins. after first massage with following results : 
During massage ‘38 c.c. 
Immediately after massage ‘38 c.c, 
7 mins. after massage 12 cc. 
Oss. II. Taken after several minutes’ rest. — 
Simple bleeding 08cc. . 
During massage 33 c.c. 
Immediately after 16 c.c. 


Ludwig's Arbeiten, loc. cit. 
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Exp. II. Female dog. 10 kilos. The dog lost a good deal of blood in 
the dissection. Left leg used. 


Oss. III. 2.45. Average flow per 5 secs. during 15 secs. 


Simple bleeding “4 
During massage 6 c.c. 
Immediately after ‘5 
30 secs. after . 
Ops. IV. After 5 mins, rest the following results were obtained. 
Average flow per 5 secs. during : \ 

15 secs. simple bleeding “25 c.c. 

30 secs. massage ; ‘58 

15 secs. immediately after massage 66 c.c. 


15 secs. 90 secs. after cessation of massage 1°33 c.c. 
15 secs. 3 mins. after cessation of massage ‘66c.c. — 
15 secs. 6 mins. after massage - O08 cc, 


During the next observation a clot formed in the system of tubes leading 
from the cannula to the wash bottle, the results were accordingly discarded, 
when the clot was removed the animal was allowed to rest and at 3.55, i.e. 
nearly an hour after the last observation, another (No. V.) was taken.. 


Oxss. V. Average per 5 secs. during 15 secs. 


Simple bleeding 60 cc. 

‘41 c.c. 
Immediately after massage ‘71 c.c. 
3 mins. after massage 66 cc. 
7 mins, after massage ‘50 c.c. 


Observation IV. shows strikingly the increase of flow both during 


and after massage, especially the latter, which in two cases after 30 secs., 
and 15 secs. massage, lasted for 3 minutes. 


Exp. III. Dog. 10 kilos. Left leg used. 


during 15 secs. 
Simple bleeding ‘i ac. 
Massage. 1°80 c.c. 


Immediately after massage c.c. 
Oss. VII. After 5 mins. rest. | 


Simple bleeding "30 c.c. 
Massage 33 c.c. 


Immediately after massage *56 c.c. 
15 secs, 3 mins. after massage 1:33c.c._ 


> 
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Oss. VIII. After 3 mins. rest. 


Simple bleeding "83 
Massage 
Immediately after massage ‘90 c.c, 
Next 15 secs. 66 c.c. 


etnaiieie after the last observation a very slight colourless clot was 
found. It was however so slight that it could — have influenced the 


results. 
Ops. IX. After 1 hr. rest. 
Simple bleeding "83 c.c. 
15 secs. massage “80 c.c. 
Next 15 secs. ‘70 cc. 
Next 15 secs. 63 c.c. 
On X. After 4 mins. rest. 

Simple bleeding ‘80 c.c. 

“43 
Next 15 secs. 6 ee. 
Next 15 secs. 84 


These last two observations show but a very slight change. 


Exp. IV. Female dog. 8 kilos. Left leg used. 

Oss. XI. Amounts in consecutive 5 second intervals were 
During simple bleeding ‘75 c.c. ‘75 c.c. 1:00 c.c. ‘6 c.c. 
During massage 100cc. ‘8ce. 1:0 cc. 9 c.c. 


This shows a slight increase during massage and a considerable 
increase after massage. Immediately after massage the column in- 
variably moved very slowly, the above reading gave only ‘2 c.c. for the 
first 2°5 secs. after massage. This result will occur again and will be 

discussed later. 


Oss. XIT. After 15 mins. rest. Same leg. 
Simple bleeding 6 c.c. Sec Ilac. 
| During massage ‘9cc. ‘Tac “‘T6cc, ‘T5cc. 
| Oxns, XIII. Simple bleeding 1:250c. 
During massage l'le.e. 
After massage 2°2c.c. 200cc. 


Here the increase during massage is pawery absent, but that 
after massage is more marked. 
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Exp. V. Dog. 12°5 kilos. Right leg used. In this experiment 10 
second intervals were used instead of 5 second intervals. | 
Oss. XIV. Simple bleeding 1:25cc. 10cc 
During massage 20cc. 
After massage 1:75 c.c. 2°4 c.c. 2:0 c.c. 
Oss. XV. After 84 mins, rest. | : 
Simple bleeding 1°5c.c. 2°4 18 c.c, 
During massage 1:'25ac. 18 c.c. 
After massage ‘75 c.c. cc. 10cc. 


This last observation shows a diminution in the flow both during 
and after massage. In this case however the simple bleeding average — 
is very high, nearly double what it was in the same animal 8} minutes 
before (vide Obs. XIV.), and the point which naturally strikes one 


_ here, is whether this increase in the simple bleeding average at the 


commencement of the observation, is not itself a post massage effect. 


Oss. XVI. After 10 mins. rest. 
Simple bleeding 1°75 c.c. 16 c.c. 
During massage 2°5c.c. 20 c.c. 
After massage 2:25cc. 1-00c.c. 


Oss. XVII. Simple bleeding 1:25cc. Ilbac Il'6ec.. 
After massage 20cc. 


- Oss. XVIII. After 15 mins. rest. This observation consisted entirely 
of simple bleeding, and its object was to show the diminution in the amount 
of blood lost during a given time interval towards the end of a series of such 
intervals. The blood flow in consecutive 10 sec. periods was 


l0cc 9ec ‘Bac Bac Tac ‘Teac ‘bac. 


In putting the results of the above protocols together we shall in 
each case compare the amount of blood lost during a given interval of 
time, either during massage, or after massage, with that lost during an 
equal time interval during simple bleeding, and shall quote the one as — 
being half, double or treble the other. We judge it best however to 
point out, that these figures are strictly speaking not comparable, since 
the longer the duration of bleeding the less the amount of blood lost in 
agiven time. This is shown by Obs. XVIII., which is in accordance with 
Sadler’s’ and Gaskell’s? results. Since the readings during massage 


1 Loc, cit. 2 Loc. cit. 
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were generally taken after 30 secs. bleeding the fallacy here would 
probably be small, but the post massage readings taken after 60 secs. 
continuous bleeding, i.e. after the animal had lost from 10 to 15c.c. 
of blood are in all probability very much too small. The diminution 
of bleeding caused by the loss of blood tending very materially to 
mask the increase due to the post massage condition of the muscles. 
Neglecting the simple bleeding observation, in all 17 observations 
were made, in 3 of these the results were negative, i.e. the bleeding 
from the efferent muscular vein was neither increased during massage 
of the respective muscles nor after massage of them. In two of these 
instances the observations were taken rather late in the experiment, 
i.e. after the animal had lost a considerable amount of blood. In the 
third experiment this was not the case, and the cause of the result is 
difficult to see. These results are however interesting in showing that 
the matter is not a simple one. In one of the remaining 14 obser- 
vations the quantity of blood was slightly diminished during massage, 
in all the others it was considerably increased both during and after 
m | 
The following table shows at a glance the amount of this increase. 
The denominator of the fractions denotes the amount during 
simple bleeding, the numerator the amounts during and after massage 
respectively. | 


Massage Post Massage 
Obs. massage. post flow. 
L Treble Treble 
I. One and a half times One quarter times 
IV. Double Five times 
“41 “71 
VI. Treble Double 
VIL. = Four times 
VIII. One and a half times 
80 ‘10 
80 
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Massage Post Massage 
48 84 
33 
XI. Slight Oxo ana Unies 
78 | 
XII. One and a half times 
1-22 
xii. Blight One and one-third times 
XIV. and two-thirds Double 
1-71 95 
190 
2-2 4147 
XVL ié One and a half times | is Slight 
XVIL One ind Slight 


These same results are shown graphically in Fig. 2, which is 
arranged on the same plan as Ludwig and Sadler’s’. The Figure 


1s to be read from left to right. Each group of ordinates corresponds 


to the observation which is indicated by the Roman figure at its base. 
The left-hand ordinate of each group (a) shows the amount of flow 
during simple bleeding in 5 seconds, the middle one (6) the amount in 
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Fie. 2. 
* Obs. XV. This anomalous result is probably to be explained by the fact 
the same time during massage, the right-hand one (c) the amount in 
the same time after massage. The amounts can be easily read off in 
cubic centimetres by the help of the scale at the left of the diagram. 
In observations XVI. and XVIL. the first post massage interval was 


1 Ludwig’s Arbeiten, loc. cit. 
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divided into two parts, this was done in order to enable us to represent 
- numerically what we had often observed, viz. that immediately after — 
the cessation of massage the flow from the efferent vein was very much 
diminished. During massage the advance of the column was not 
uniform, but occurred in leaps corresponding to some extent to the 
manipulations. These two facts tend to show that during massage blood 
is alternately sucked into and expelled from the massaged muscles, and 
that the inimediate effect of this manipulation is an accumulation of 
blood in the respective muscles which is in all probability due to 
dilatation of the vessels. This condition of vascular dilatation, as 
evidenced by the increased flow from the efferent vein, lasts from 1 to 2 
minutes (Obs. III.), and even longer, after the cessation of the massage. 
In this connexion it is interesting to note that this jet-like increase 
(stossartiges Auswerfen) in the amount of blood lost was noticed by 
Gaskell’ at the beginning of the tetanisation of muscle. Further in 
one experiment quoted under the head of the effect of division of the 
motor nerve trunk upon the circulation in corresponding muscles, the 
figures are as follows: 

Average in 5 secs, simple bleeding = 2°4c.c. 

First 5 secs. after division of nerve _1°6 c.c. 

Second 5 secs. 


This, the only experiment in which the above diminution in the 
flow after nerve section appears, is especially interesting in view of the 
similar diminution obtained by us immediately after massage. A 
similar effect, ie. a diminution relatively to the simple bleeding average — 
immediately after the cessation of tetanus is according to Gaskell the 
rule, although apparently not without exceptions. Hence the effects 
of the massage of a group of muscles are strictly, so far as its effects on 
the local circulation are concerned, analogous to those of the contraction 
of the same muscles. An increase more or less spasmodic takes place 
in the circulation during massage, this is followed by a dilatation of the 
vessels causing at first an accumulation of blood in the muscle, and 
subsequently an increased circulation through it. 


IL. 


general blood pressure. 


The animals chosen for these experiments were cats, they were fully 


1 Ludwig's Arbeiten, loc. cit. p. 77. 
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anzsthetized, the blood pressure was registered in the usual way by a 


cannula in the carotid which was connected with a mercurial manometer. 
The area chosen for massage was both hind legs (legs and thighs), which 
were massaged simultaneously: the buttocks were well raised pre- 
viously so that massage could be begun rapidly at a given signal. 
The effects of the massage, best shown by the adjoining curve, were 
briefly as follows. First a slight rise, second a fall continuing throughout 
the massage, and third, a second sudden fall occurring upon the cessa- 
tion of the massage. In illustration of these changes in blood pressure 
accompanying and following massage, we purpose giving the results of 
two experiments. In the first the numerical results will be stated in a 
tabular form, in the second they will be considered in greater detail, and — 
the tracing itself (Fig. 3) described. . 


Exp. I. The subject of this experiment was a large muscular male cat; 
the massage practised was essentially muscular, i.e. the muscles of both hind 
limbs were firmly kneaded and the skin was not pinched. The massage was 
kept up continuously for 100 secs. and was discontinued gradually. The 
massage was not begun until the blood pressure had remained for a consider- 
able time absolutely uniform. The following were the results obtained. 


Blood pressure before commencement of massage. = 68 mm. (mercury) 

Maximum height during massage, reached four secs. | 
after commencement | = 70 mm. 

Height at the end of massage = 61 mm. 

Height immediately after cessation of massage = 53 mm. 

Height 3 mins. after cessation of massage = 67 mm. 


In this experiment therefore the massage was accompanied by a fall 
of blood pressure amounting to 7 mm. (mercury) or rather more 
than j, of the initial pressure, and followed by a fall of 15 mm. of 
mercury or nearly } of the initial blood pressure. 


Exp. II. The blood pressure tracing, of which Fig. 3 is a reproduction, 
shows exactly what took place in this experiment. The curve is to be read 
from left to right. The scale at the side corresponds to centimetres of mercury 
above the abscissa, The time marker indicates every 5 seconds. The top 
line is traced by an electric signal, which by its upstroke marks the beginning, 
and by its downstroke the end, of. the different manipulations practised. 
Owing to the somewhat awkward relative positions of the Du Bois Reymond 
key and the animal’s hind legs, the electric signalling is in each case a little 

The marks «' 2’ on the electric signal line indicate the time and the dura- 
tion (90 seconds) of the massage of the hind limbs. 
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= 


In this, as in the preceding experiment, a small initial rise took 
place during the early part of the massage, this rise is here relatively 
less, but of somewhat longer duration than in Exp. I, and amounts to 
2 mm., the initial blood pressure being 86mm. During the latter part 
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(50 secs.) of the massage period a fall occurred, the pressure sinking to 
80 mm., or 6mm. below its initial height. Upon the cessation of 
massage a further sudden fall of 11 mm. took place. This “ post 
massage ” fall is less than in Exp. I., being in this case ;j, of the initial 
blood pressure. With regard to the duration of this lowering of blood 
pressure, we see upon looking at the curve that the blood pressure was 
still 2 mm. below its initial height, 34 minutes after the cessation of the 
massage. In view of the fact that in massage of a given set of muscles 
alternate compression and release of the arteries and veins contained in 
the muscles must take place, we thought it would be interesting to 
have recorded on the same curve the effect on the blood pressure of the 
simultaneous compression and release of both external iliac arteries. 
This was done at the points marked #” and 2” on the electric signal line 
of the tracing, the effect was a rise and a fall of blood pressure, which 
is well seen on the actual blood pressure curve below these marks. 
Upon careful inspection of the figure it will be seen that after release of 
both external iliacs the blood pressure fell below its initial level; this 
fall amounted to 6mm. It differed however from the fall occurring 
during and after massage, in being less in extent and further, in being 
more transient, the pressure having regained its former level 40 secs. 
after the vessels were released. In this case the muscles were not 
stimulated, the arteries were compressed between the thumbs and bone, 
hence the result was due entirely to their sudden occlusion and release. 
We thought it would be of further interest to have recorded on this 
same curve, the effect on the general blood pressure produced by the 
firm grasping between the fingers and thumb, of the muscular masses of 
both thighs, and their subsequent release. This was practised at the 


marks 2” aud 2” on the electric signal line, and the rise and fall of 


blood pressure consequent upon it is seen below. In this instance the 
fall which occurred upon the release of the thighs is greater in amount 
and less transient than that which took place upon the release of the 
two common iliac arteries, but less in amount and of considerably shorter 
duration than the post massage fall. In the grasping of the muscular 
mass of both thighs the muscles themselves were of necessity stimulated, — 
and although we should be probably correct in attributing the main 
part of the resulting changes in the blood pressure tracing to compres- 
sion and release of the large arterial trunks, yet the manipulation of the 
muscles themselves seems to have increased the amount and lengthened 
the duration of the subsequent fall. Upon comparing the last three 
results, we see that the gentle kneading of the two hind limbs for 
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90 secs. is more potent in producing a fall of blood pressure than 
either the compression and release of both external iliacs or ‘both 


thighs. 


The marked quickening of the respirations, which in our experi- 
ments always accompanied massage, led us to watch the effect upon 
blood pressure produced by massage practised during artificial respira- 
tion. 

The results obtained in this set of experiments were substantially 
the same as those in the experiments quoted. The only difference 
between them was,'that in the artificial respiration experiments the 
oscillations of pressure during massage were less, a continuous fall taking 
place, and that speaking generally the “post massage” fall was slightly 
less. | 

These effects on the general circulation of the massage of a con- 
siderable muscular area, confirm the results obtained in the case of the 
local circulation. Both during and after the kneading of muscles a 
lowering of peripheral resistance in the corresponding area takes 
place, as a consequence of this, more blood is propelled at each heart 
beat from the ‘arteries into the veins, and hence arterial tension 
falls. | 


The main results in the preceding pages may be briefly summarized 
as follows 


I. During the massage of muscles the flow of blood through them 
is increased. 

II. Immediately after the cessation of massage, an accumulation of 
blood occurs in the massaged muscles, this i is rapidly followed by ‘an 
increased flow through the muscles. 

IIL The massage of a considerable muscular area causes at first a 
slight rise in the general blood pressure, this is followed by a fall 
which in some cases amounts to one fifth of the initial blood pressure. 
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FURTHER RESEARCHES ON EYE MOVEMENTS. By 
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From the Pathological Laboratory of University College, London. 
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I. Introductory Remarks. 


In a former contribution to this Journal in addition to other 
points dealt with I endeavoured to show that in the monkey division 
of the lateral recti responsible for turning the eyes to one side enabled 
me to differentiate with certainty the following movements on excitation 
of the frontal “ eye-area” of one cerebral hemisphere. The movements 
of the eyes evoked under these circumstances were :— 


1 Vol, xvi. p. 1, 1894. 
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Simple direct upward movement. 

Simple direct downward movement. 

Combined movement upward and to the opposite side. 
Combined movement downward and to the opposite side. 
. Convergence. 

Aas was stated in that communication I made no attempt at precise 
localisation, but contented myself with demonstrating the possibility of 
evoking these separate movements on excitation of different foci in an 
area of the cortex from which formerly none but the simple lateral 
movement to the opposite side or the combined movements to the 
opposite side and upwards or to the opposite side and downwards, had 
been obtained. 

At the time when I wrote that paper I was not aware of the exist-_ 
ence of a paper by Professor Schafer and Dr Mott’ in which these 
observers state that. faradization of the frontal “eye-area” in large 
specimens of Callithrix, one well-developed Bonnet and a large Rhoesus 
monkey showed “that as regards conjugate deviation of the eyes this 
area may be regarded as consisting of three zones, (1) a middle zone 
immediately below the horizontal part of the precentral sulcus, faradiza- 
tion of which is followed by simple lateral deviation, well-marked and 
without either upward or downward inclination; (2) an upper zone 
immediately above this, which may extend to and include part of the 
marginal gyrus, giving on faradization downward inclination, usually 
combined with lateral deviation; and (3) a lower zone immediately 
below the middle one, and sometimes extending nearly to the lower 
margin of the hemisphere, which gives upward inclination usually also 

combined with lateral deviation.” 
: I am exceedingly sorry that I overlooked so important a paper on the 
subject I was dealing with; and I am anxious to take this opportunity 
of tendering my apologies to the authors of it. 

As I find no mention made in the paper just alluded to that a 
separate focus was found excitation of which resulted in simple upward 
movement as distinct from another focus excitation of which was re- 
sponsible for a combined upward and outward movement, or a focus for 
simple downward movement as distinct from another focus for the 
combined downward and outward movement, or a focus excitation of 
which resulted in convergence of the eyes, I conclude that these new 
points were established by the method of dividing the lateral recti 
muscles of the eyes before exciting the cerebral cortex. 

1 Brain, xm. p. 165, 1890. 
PH. XVIL 25 
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The object of the present short communication is to detail. further 
results gained by the method of excluding the possibility of certain 
movements of the eyes taking place as a means whereby other move- 
ments not hitherto evoked can nevertheless be shown to be repre- 
sented in the cerebral cortex in close proximity to the movement 
which has been excluded. In order that the method should be put to a 
searching test I have employed dogs and cats, animals lower in the 
scale, and whose cortical centres are less differentiated than those in 
the monkey. 

A further point dealt with on the present occasion is the position 
which the eyes assume during general convulsions in dogs and cats in 
whom the “eye-area” has been removed from one cerebral hemisphere, 
or in whom one lateral half of the cerebellum has been extirpated. 
The position of the eyes under such circumstances is contrasted with 
their position during general convulsions in dogs and cats whose central 
and peripheral nervous systems are intact. 


II. Plan of Procedure. 


Ether narcosis was induced at the commencement and continued 
throughout the course of the experiment in each instance. The anterior 
portion of the cerebral hemisphere was exposed on one side ; sometimes 
on its external surface only, while at other times its orbital surface was 
also exposed. In the latter instance the opposite eyeball was alone 
available for subsequent observation owing to the interference with the 
natural support of that on the same side. | 

In those instances in which electrical excitation was employed the 
induced current was directed to the “eye-area” so as to ascertain what 
movement of the eyes resulted in each instance. The next step was to 
divide the external rectus of the opposite eye alone, or that muscle 
together with the internal rectus of the eye on the same side as the 
cerebral hemisphere under investigation. 

In the ablation experiments an incision was made into the cerebral 
hemisphere transversely in the line of the crucial sulcus or a little 
posterior to this, and the whole of the anterior part of the hemisphere 
in front of this incision was extirpated. 

When one lateral half of the cerebellum was extirpated the method 
of procedure was that adopted in my former experiments, and detailed 
in the paper already alluded to’. 


1 Loe. cit. 
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_ Electrical excitation was carried out by means of fine platinum- 
pointed electrodes about 2 mm. apart, connected with the secondary 
coil of a du Bois Reymond’s inductorium, supplied by a single bi- 
chromate cell. 

General convulsions were induced by the injection of a varying 
quantity of the essential oil of absinthe into - external jugular vein 
on one side. 


III. Ocular movements represented in the cerebral 
hemispheres of the dog and cat. 


Dogs. Excitation of the “eye-area” of the frontal region of the 
cerebral hemisphere of the dog results in turning of both eyes to the 
opposite side, as is well known, but neither by variation of the strength 
of the induced current used, nor of the depth of narcosis, have I been 
able to evoke from this same area any other ocular movement but that 
of turning of the eyes to the opposite side from the cerebral hemisphere _ 
stimulated, so long as all the ocular muscles be intact. If however the 
external rectus of the opposite eye and the internal rectus of the eye on 

the side of the cerebral hemisphere under investigation be divided, then 
this lateral movement of the globes to the opposite side no longer takes 
place on excitation of the “eye-area,” the eyes moving in quite a 
different direction instead. The direction in which the eyes now 
invariably move is directly upwards without any trace of lateral in- 
clination. 

In some instances instead of dividing both the external rectus of the 
opposite eye and the internal rectus of that on the same side as the 
hemisphere excited, the former muscle was alone divided. This 
procedure was well adapted for contrasting the movements of the eye 
whose external rectus was divided with that all of whose muscles were 
intact, for when the “eye-area” was stimulated under these circum- 
stances the eye on the same side moved inwards, that is to the opposite 
side, while the opposite eye moved distinctly upwards, without any 
lateral inclination. | 

Contrary to my experience in the monkey, I was unable to find any 
focus in the frontal region of the hemisphere of the dog which would 
give any but the upward movement after the lateral recti responsible 
for turning the eyes to the opposite side had been divided. In con- 
sequence of this I next proceeded to eliminate in great measure the 

upward movement by division of the superior rectus, but this was 
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Under these circumstances excitation of the frontal “ eye-area ” resulted 


_ Excitation of the frontal “ eye-area” of one cerebral hemisphere results 
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followed by so much downward rotation of the globe, possibly by the 
tonus of the inferior rectus chiefly, that it was found impossible to 
evoke any movement of the globe or globes on excitation of the cortical 
“eye-area.” Not even any trace of internal movement of the — 
eye could be detected. 

At Professor Horsley’s suggestion this downward rotation of the 
globes was rectified by connecting a piece of very delicate indiarubber 
band to the peripheral stump of the divided superior rectus and making 
sufficient traction on it to raise the eye to about its normal position. 


in two more movements of the eyes being evoked ; a simple downward 
movement and a movement of the opposite eye inwards, i.e. towards the 
side of the hemisphere stimulated. 

Cats. What has been said of the dog holds true in the cat also. 


in turning of the eyes to the opposite side. Excitation of the same 
area of the cortex after section of the external rectus of the opposite 
eye and the internal rectus of the eye on the side of the hemisphere 
under observation results in upward movement of both globes. Division 
of the external rectus of the opposite eye alone, allows ot the movement 
of this eye being contrasted with that of the eye whose muscles are all 
intact, and whereas the intact globe moves inward, that is to the 
opposite side, that on the opposite side moves upwards. — 

As in the dog. no other ocular movement could be evoked on cortical 
excitation with the lateral recti alone divided, and section of the 
superior rectus in conjunction with the lateral resulted in so much 
downward rotation of the globe, or globes, that it was impossible to 
evoke any further downward rotation on cortical excitation, nor was 
there any evidence of turning of the opposite eye inwards, that is 
towards the hemisphere stimulated. 

Each eye was raised from its abnormal position of downward 
displacement by means of a delicate indiarubber band attached to the 
stump of the superior rectus, as in the case of the dog, and as in that 
animal excitation of the frontal “eye-area” evoked simple downward 
movement, and turning of the opposite eye inwards, that is towards the 
side of the hemisphere excited. 
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IV. Position of the eyes during general convulsions in dogs 
and cats whose central and peripheral nervous ee 
are intact. 


Dogs. With the exception of a very slight displacement of both 
eyes downwards and a little inwards no alteration could be detected in 
the position of the eyes during general convulsions the result of intra- 
venous injections of absinthe, in dogs whose central and peripheral 
nervous systems were intact. The very slight downward and inward 
displacement was quickly recovered after the general convulsions 
ceased. At no time during the convulsions was there any lateral 
displacement of the eyes other than the very slight inward inclination 
of both already alluded to. 

Cats.. Slight as was the displacement of the eyes of dogs whose 
central and peripheral nervous systems were intact, the displacement 
of the globes was still less evident in normal cats during general 
convulsions evoked by absinthe, though in direction it was the same as 
in the case of dogs; that is the eyes were directed very slightly 
downwards and inwards. It is by no means easy to be too certain 
of the amount of upward or downward displacement of the eyes during 
convulsions, as the eyelids are sometimes spasmodically closed during 
the convulsions, while at other times they are wide open. 


V. Position of the eyes during general convulsions in dogs 
and cats whose “‘ eye-area”’ in one cerebral hemisphere has 
been extirpated. 


In my former paper’ it was shown that the immediate effect of 
extirpation of the frontal “eye-area” in one cerebral hemisphere was 
turning of both globes towards the damaged hemisphere, and that after 
a variable time the eyes once more assumed their normal positions, but 
that it was then possible to re-establish the abnormal position of the 
_ globes in a certain stage of ether narcosis. The present research deals 
with the question in a different manner, for having excluded the 
influence of the cortex of the frontal “eye-area” of one cerebral — 
hemisphere, all other centres governing eye movements are excited to 
exaggerated action. 

The whole frontal region of one cerebral hemisphere including the 
“eye-area” was removed on one side, after which the position of the eyes 


1 loc. cit. 
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was carefully observed. Their precise position varied with the depth of 
ether narcosis, therefore it was necessary to keep the animal in as 
nearly as possible the same stage of ether narcosis while the observations 
were being made. Having satisfied myself as to the real position of the 
globes, the external jugular vein was exposed on one side of the neck 
and 2, 3 or 4 minims of the essential oil of absinthe were injected into 
the vein in the direction of the blood stream. During the general 
convulsions which followed this procedure the —— assumed by the 
animal’s eyes was as follows :— 

Dogs. In dogs, if the stage of ether narcosis was such that there 
was inclination of the eyes towards the hemisphere whose frontal region 
had been removed, this inclination was in rare instances intensified 
during the first general convulsions which resulted. The usual position 
which the eyes assumed in all subsequent convulsions, and in the 
majority of instances even in the first convulsion, was one in which both 
eyes were directed downwards and inwards to a considerably greater 
extent than in dogs whose central and rT nervous systems were 
intact, 

‘Sometimes, owing to the operation for exposure of the frontal region 
of the cerebral hemisphere having interfered with the posterior wall 
of the orbit, the opposite eye was alone available for observation. The 
position which it assumed during the convulsions was invariably one of 
downward and inward rotation, that is towards the side of the — 
hemisphere. 

Cats. When the frontal region of one cerebral hemisphere in- 
cluding the “eye-area” is excised in cats, and absinthe subsequently 
administered by intra-venous injection, the general convulsions which 
result are attended with displacement of the eyes from their normal 
position to a much smaller extent than in dogs, but the direction of 
displacement is the same, viz. downwards and inwards of both eyes. 
This displacement is greater than in normal cats in whom, as has been 
seen, the displacement of the eyes is extremely trivial. | 


VI. Position of the eyes during general convulsions in dogs 
and cats in whom ablation of one lateral half of the 
cerebellum has been practised. : 


Dogs. According to Luciani, ablation of one lateral half of the 
cerebellum results in deviation of both eyes to the opposite side. My 
own experiments, in which one lateral half of the cerebellum was 
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removed in dogs, confirmed this observation in sv far as the displace- 
ment of the opposite eye was concerned, though I could detect little or 
no displacement of the eye on the same side (as the lesion) in the same 
direction as its fellow. Further, I found that in animals whose eyes 
had recovered their normal positions some time after the operation, the 
displacement could be reproduced by inducing ether narcosis, the dis- 
placement resulting at a given stage of the anesthesia. 

Such results as these would appear to warrant our expecting to find 
similar displacements of the eyes, though to a greater degree, when the 
intact nerve centres which govern their movements are excited to 
discharge, in an animal whose one lateral half of the cerebellum has 
been removed, before the administration of absinthe. Contrary to such 
expectations, it was found that the displacement of the globes was as a 
rule such that the eye on the side of the lesion was directed downwards 
and inwards, while the opposite eye was also directed downwards and 
inwards. In other words the direction of displacement was the same as 
in normal dogs and the degree of displacement about the same as in 
dogs in whom the frontal region of one cerebral hemisphere had been 
removed, or possibly a little less. 

On rare occasions both eyes were directed to the side of the lesion 
and downwards during the first, convulsions; but the usual displacement 
of the globes met with was that already described. 

Cats. A moderate amount of inward rotation of both eyes with a 
slight downward inclination was the position which the globes assumed — 
during general convulsions in cats in whom one lateral half of the 

cerebellum had been removed. Thus the position of the eyes in these 
- animals was the same as that of dogs under similar circumstances; but 
the amount of obvious displacement of the globes was shomanele in amount 
in cats than in dogs. | 


VIL ConcLupInG REMARKS. 


1. Ocular movements represented in the cerebral 
hemispheres of the dog and cat. 


Better proof of the value of the method of excluding one movement 
before attempting to elicit others whose centres are closely related in 
the cerebral cortex to those of the movement excluded could not be had 
than that furnished by the results of excitation of the frontal “eye-area 
of the cerebral cortex of the dog and cat after division of the lateral 
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recti muscles which normally turn the eyes away from the hemisphere 
excited. 
So far as I am aware, no one has been able to evoke any other 


but the lateral movement of both eyes to the opposite side on exciting 


the frontal “eye-area” of the dog and cat. And I have certainly 
not been able to evoke any other movement of the globes in these 
animals, so long as the lateral recti responsible for turning the eyes 
away from the hemisphere excited are intact. But directly this lateral 
movement was excluded by division of the lateral recti which bring it 
about, excitation of the same region of the cerebral cortex resulted in 
unmistakable simple upward movement of the eyes, a movement no 
trace of which could be detected when the same cortical area was most 
carefully explored with the lateral muscles of the eyes intact. So too, 
on further dividing the superior rectus it has been possible to evoke 
the simple downward movement and movement of the opposite eye 
inwards. | | | 

In view of such evidence it cannot well be denied that it is possible 
for one movement to be so powerfully represented in the cerebral 
cortex as to make it impossible to evoke other movements whose 


cortical centres are close to it, but which have not so powerful a 


representation, as has been advocated by Dr Hughlings Jackson. In 
the instance under consideration it is reasonable to suppose that the 
upward movement of the eyes is so much less represented in the cerebral 
cortex than is. the lateral movement to the opposite side that no 
electrical stimulus can be so regulated as to be at once strong enough 
to evoke the upward movement, and weak enough not to evoke the 
lateral movement. To make my meaning clearer it is possible to 
conceive that the chief focus for the upward movement is situated in 


- the cortex close to the chief focus for the lateral movement, but that 


the peripheral region of the lateral focus overlaps the chief focus for 
the upward movement and that the representation of the lateral 


- movement even in this peripheral portion of its area of representation 


is more powerful than is the upward movement at its chief focus of 
cortical representation ; so that excitation ef the chief focus for the 
upward movement results not in that movement but in one which 
overpowers it, viz. the lateral movement whose representation overlaps 
the chief focus for the upward movement and is at that point even 
more powerful a representation than is the representation of the upward 
movement. 


It is interesting to compare the results obtained in the dog and cat 
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with those formerly obtained in the monkey’; for in the monkey after 
the lateral movements of the eyes to the opposite side were excluded, 
the foci for several other movements of the globes could be demonstrated 
in the frontal “eye-area,” whereas in the dog and cat the upward 
‘movement could alone be evoked as long as the superior rectus was 
intact. This is important as pointing to the probability that the 
upward movement of the eyes is, at any rate in these animals, of next 
importance to the lateral movements, and that after the lateral move- 
ments it is the next most powerfully represented in the cerebral 
cortex. | 


2. Position of the Eyes during Convulsions. 


Inasmuch as the eyes turn to a varying extent to one side at a given 
stage of ether narcosis in normal dogs, it might have been expected that 
evidence of the same inequality of representation on the two sides 
might have been forthcoming during the convulsions evoked by absinthe, 
instead of which, as has been seen, no conjugate lateral displacement of 
the eyes resulted under these circumstances, the only obvious displace- 
ment met with being exceedingly slight and of an entirely different 
character. 

So too the results which attended the general convulsions in dogs 
. and cats, in whom the “eye-area” had been excised from one cerebral 


that the convulsions evoked by abgijgei @re“fha™fly of cortical origin. 
In a purely cortical discharge, inasnf&ch as the cortical centres concerned 
with moving the eyes to one side had been destroyed, it would have 
been reasonable to suppose that the eyes would have been displaced 
laterally in the opposite direction by the discharge of energy from the 


cells of the “eye-area” of the intact hemisphere; a result which was 


only met with under the most exceptional circumstances, and then only 
in the first of a series of convulsions in the same animal. 

No less contradictory are the results which were obtained when 
general convulsions were evoked in dogs and cats in whom one lateral 
half of the cerebellum had been extirpated. Two possibilities seemed 
equally open under these circumstances; either that the displacement 
of the eyes which results from such a cerebellar lesion would be 
maintained or intensified during the general convulsions, or that inas- 
much as such a lesion of the cerebellum induces an inequality in the 
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excitability of the two cerebral hemispheres in which that on the 
opposite side from the cerebellar lesion is the more excitable’, the eyes 
might have both been turned towards the side from which the lateral 
half of the cerebellum had been removed. The former of these results 
was never met with, and the latter was of the rarest, and then only in 
the first convulsions of an animal who had a series of convulsions. The 
actual displacement of the eyes which was met with in the large majority 
of instances was similar to that met with during convulsions in normal 
dogs and cats, or in dogs and cats in whom the frontal “eye-area” of one 
cerebral hemisphere had been removed ; the only difference being one of 


degree, the animals with the cerebellar lesion showing an amount of 


displacement intermediate in- degree between that met with in normal 
dogs and cats, and that in these animals in whom the “ eye-area” of one 
cerebral hemisphere had been excised, in which latter the displacement 
appeared to be greatest. 

Not the least curious of the results obtained was the tendency to 
downward displacement of the globes to a varying extent during the 
convulsions in all the animals. Had this been met with only in the 
animals in whom one lateral half of the cerebellum had been removed 
it would not have been surprising, for a certain amount of downward 
rotation, at any rate in the opposite eye, is characteristic of such a 
lesion quite apart from any convulsions. But that this tendency to 
downward displacement of the globes should also be met with during 
convulsions in normal animals and in those in whom the “ eye-area” 
from one cerebral hemisphere has been removed, is a fact which cannot 
be passed over without comment. The results of electrical excitation of 


the cortex, both in the cat and dog, after division of the lateral muscles 


of the eyes, have shown that probably the movement of the eyes 
represented next in degree to the lateral movement is the upward 
movement. Now under these circumstances it is clear that in convul- 
sions of purely cortical origin if the eyes are displaced at all vertically 


they ought to be displaced upward and not downward. 


These various considerations make it fairly evident that the dis- 
placement of the eyes met with during convulsions under the circum- 
stances that have been detailed can only be explained by supposing 
that they depend on discharges from centres in the cerebral cortex 
other than those of the frontal “eye-area,” or that they are brought 
about by the action of nerve centres situated in some region of the 


Y Phil. Trans. Roy. Soc. Vol. cuxxxv. p. 819, 1894. 
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central nervous system other than the cerebral cortex or the cerebellum. 
And it would also appear that, as far as the eye movements are con- 
cerned, absinthe is capable of evoking discharges from these centres, 
wherever they may be situated, which overpower the effects of any 
discharges evoked by the drug either from the frontal “ eye-area” of the 
cerebral hemisphere or from the cerebellum. 

In conclusion I wish to thank Professor Victor Horsley for allowing 
me to carry out the investigations, which form the subject of this paper, 
at the Pathological Laboratory of University College. 
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NOTE ON THE OXIDISING POWERS OF DIFFERENT 
REGIONS OF THE SPECTRUM IN RELATION TO 
THE BACTERICIDAL ACTION OF LIGHT AND AIR. 
By R. F. D’ARCY, M.A. anp W. B. HARDY, M.A. 


From the Physiological Laboratory, Cambridge. 


On December 14, 1893, Prof. Marshall Ward?! communicated to the 
Royal Society the results of his experiments on the bactericidal action 
of light. By exposing films sown with anthrax spores to the spectrum 
of the sun or of an electric arc Prof. Ward was able to show that the 
bactericidal power of light, a power which it had long been known to 
possess, is the peculiar property of light of short wave length. Radia- 
tion corresponding to the infra-red, red, orange, and yellow exerted no 
action, the bactericidal power “begins at the blue end of the green, 
rises to a maximum as we pass to the violet end of the blue, and 
diminishes as we proceed in the violet to the ultra-violet regions.” 

All those who have investigated the antibiotic property of light are 
agreed that it is manifested only when oxygen is present. Other 
workers again have shown that ozone and hydrogen peroxide destroy 
bacteria, and, lastly, Wiirster® proved that when evaporation takes 
place in direct sunlight “active oxygen” is produced. These results 
made it possible that the bactericidal action of light and oxygen is due 
to the production of some oxidising substance at the surface of the fluid, 
and, if this be the case, it in turn would account for the fact that the 
action of light is limited to a thin layer next the free surface—that is 
to the neighbourhood of the region where, according to Wiirster’s 
results, the “active oxygen” is formed. | 

In this way we were led to attempt to determine whether the 
active portion of the spectrum in Ward’s experiments might be shown 


' Proc. Royal Society, Dec. 14, 1893. 
2 Wiirster, Ber. d. deut. chem, Gesellschaft, xrx. 3201. 
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to be that in which the production of “ active oxygen” takes place when 
evaporation occurs in the presence of light, and we have found that 
such is the case. Our experiments show that, when the spectrum of a 
powerful arc light is allowed to fall on a moist surface in the presence 
of a delicate indicator, oxidation occurs and the action commences at 
the blue end of the green and continues through the blue and violet to 
the ultra-violet regions. In other words, the action is confined to a 
portion of the spectrum which corresponds to the region of activity in 
Ward’s experiments. | 

The Experiments. On the advice of our friend Dr Ruhemann we 
made use of tetramethylparaphenyldiamine as a delicate indicator of 
the presence of “active oxygen.” This substance is known commercially 
as “Wiirster’s Tetra-substance,’ and it was employed by him to 
determine the presence of “active oxygen.” Paper sensitized with this 
body is prepared by Dr Schuckardt of Gorlitz. The substance itself 
is an almost colourless solid which forms solutions having an exceedingly 
ill-defined and very faint yellow tint. In the presence of a trace of, for 
Instance, impure hydrogen peroxide the substance becomes a deep 
violet. By the use of this very delicate indicator Wiirster found that 
“active oxygen” is formed on a moist surface when evaporation takes 
place in the presence of sunlight. This result we confirmed by 
moistening strips of sensitized paper with distilled water and placing 
~ some in direct sunlight and others in a dark chamber. Those exposed 
to evaporation and light changed to violet, while those exposed to 
evaporation only remained unchanged. In order to determine whether 
the action was due to light or to heat a strip of black paper was laid 
over each strip of sensitized paper. After about twenty minutes’ 
exposure to direct sunlight an uncoloured bar was found under the 
black paper. 

Exposure to the spectrum was carried out in a dark room, the 
illuminant being a powerful electric arc. Unfortunately quartz prisms 
and lenses were not available. The spectrum as projected on the paper 
was about an inch in length and very brilliant. In order to secure any 
result the sensitized paper must be kept thoroughly moist and open to 
currents of air so that rapid evaporation may take place. The 
sensitiveness of the paper was tested both before and after each 
experiment with an exceedingly dilute solution of hydrogen peroxide 
(one or two drops of a 2°/, solution to about fifteen c.c. of water). 

All our earlier experiments were fruitless owing to the diffusion of 
the colour through the moist paper. This a was obviated by 
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cutting the paper into thin strips about a millimetre wide, which were 
arranged on a glass slide vertically, side by side with a slight interval 
between each, and kept moist by a continuous strip of absorbent paper 
laid over their upper ends, which was wetted occasionally with a small 
brush. 

In successful cases the violet tint commenced to appear in about 
half-an-hour, and was very obvious in from one to two hours. When 
well defined it commenced abruptly at the blue end of the green and 
extended thence into the ultra-violet region. 

The apparatus at our disposal was not well adapted for the purpose 
and it was some months before we obtained results. In the larger 
number of our experiments the paper showed no coloration. Only a 
small percentage of the large number of experiments were completely 
satisfactory in giving a defined patch of colour. In none of these cases 
did the colour extend over the red end, and no experiment furnished 
evidence of the production of the colour in the red end. 


The behaviour of the indicator towards light. 


Captain Abney was good enough to criticise this result, and he 
pointed out that it might be due to the fact that the indicator used 
absorbed only light of small wave lengths and therefore would be 
affected only by the blue half of the spectrum, we therefore determined 
the absorption of a solution of the tetra-substances made by soaking a 
number of slips of paper sensitized by Schuckardt in distilled water. 
Complete reduction was effected with zinc dust and a trace of acetic 
acid, 

In the reduced solution no observable absorption could be detected 
with a Zeiss spectroscope. With the spectrophotometer the reduced 
solution gave the same slight absorption as did the glass vessel in 
which it was contained when filled with distilled water—namely about 
3° in the violet. 

_ The oxidised solution gave absorption of the spectrum from about 
550 to 620, with two marked bands, or esata of maximal absorption 
at 565 and 610. 

_ In the spectrophotometer the absorption was eal to a rotation of :— 

2° in the Red, 
81° Orange Red, 
40°, Yellow-Green of about 560 as matched by 
ea the eye with the spectrum. 
, Violet, | 
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It therefore seems clear that we may regard the tetra-substance, at 
any rate so far as our experiments are concerned, as an indicator of the 
presence of oxidising bodies and not as being itself directly affected by 
the light. Wiirster in the paper referred to gives good reasons for 
believing that the tetra-substance is a definite test for ozone. For 
instance it is not oxidised by pure hydrogen peroxide. 

We find therefore that when a spectrum falls upon a moist surface 
from which evaporation is taking place in the presence of oxygen, — 
there is evidence of the production of some oxidising substance, 
possibly ozone, in that portion of the surface acted upon by the blue 
and violet portion of the spectrum. 

A comparison of this result with that of the experiments of Prof. 
Ward leads us to the view that the bactericidal action of light and air 
is in part at any rate due to the production of some oxidising body or 
bodies *. 


1 Wesbrook (Journal of Pathology, 1894) has shown in an ingenious manner that air 
is used up when bacilli or their products are destroyed by sunlight. 


. 
& 
x 
ot 
3 
4 
ry 


- 
. 


4 
| 


NOTES ON THE ACTION OF CHLORO- AND CYANO- 
CAFFEINE. By J. W. FIOKERING, (Lond.), George 
Lewes Student. 


from the Physiological Laboratory King's College, London.) 


IN a previous? paper I have pointed out that the close chemical relation- 

ships of xanthine, and its two methyl derivatives, theobromine and 

caffeine, render them peculiarly adapted for studying the connection 

between the chemical constitution and the physiological action of the 
stimulus employed. 

Xanthine has an augmentor and accelerator action on the hearts of 
chick-embryos, while it slightly increases the cardiac frequency of frogs*. 
In neither type does it induce tonic contraction. 

Theobromine (di-methyl-xanthine) increases the force and frequency 
(in some cases 38 beats per minute) of the embryo-chick’s heart. In 
very large doses, it produces slight tonic contraction. On frogs’ hearts 
it has apparently very little action. 

The action of caffeine on frogs’ hearts has been previously described * 
and is characterized by the occurrence of pronounced tonic contraction. 

The object of the experiments detailed below was to ascertain if the 
marked action of caffeine, which appeared to be correlated with its three 
methyl groups, could be modified by the substitution of a new 
atom or molecule into its molecule, without disturbing the 
three methyl groups, se that they might be left free to exert 
their action in conjunction with the new atom. To effect this 
purpose I selected chlorocaffeine and cyanocaffeine, for the preparation 


1 Some of the experiments here recorded were performed on the Continent. 
2 This Journal, xrv. 896. 1893. 
8 All experiments performed on frogs were either on their excised hearts or on pithed 
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of which in a pure condition' I am indebted to my friend Dr F. D. 
Chattaway, Demonstrator of Chemistry at St Bartholomew’s Hospital. 


(a) Chlorocaffeine. 


A. On hearts of chick-embryos. 
The following experiments illustrate its action on the hearts of 


chick-embryos. 


Emsryo I. Aged 72 hours, observed under conditions similar to those 
described in previous papers. Normal frequency Sree wees Tempera- 
ture throughout the experiment 36°5° C. 


Time Frequency 
76 


12.12 


12.15.30 
12.18 
12.22 


12,24 
12.25 
12.27 
12.98 
12.30 


12.31 
12.32 


rent. 


86 


Remarks ; 
of sol. containing mgr. of chlorocaffeine 
given, 
Beats very strong. 
Ditto. : 
Beats very strong, slight tonic of both auricle and 
ventricle, 


Beats very aay: | idiomuscular contraction appa- 
itto, 


Another c.c. containing mgr. chlorocaffeine 


Beats very strong. 
Ditto. 
Beats very strong, but show some tonic contrac- 


1 cc. containing ‘32 mgr. again added, 
Beats very strong, tonic contraction more marked. 


Beats strong, marked tonic contraction of ventricle. 

Ditto, 

Ditto. 

Ditto. | 

Heart stopped with contracted ventricle and auricle — 
then both slowly dilated and remained irrespon- 
sive to stimuli. 


1 If any traces of chlorine contaminate the chlorocaffeine the results are entirely diffe- 
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Empryo II. Aged 80 hours, conditions as above. Normal frequency 
100 beats per minute. Temperature throughout the experiment 39° C. 


Time Frequency | Remarks 

11.0 100 1e.c, of sol. containing ‘32 mgr. of chlorocaffeine 
given. 

11.1 128 Beats very strong. 

11.15 128 Beats during last isin. remained very strong 
and at frequency of 128. 


11.20 128 No change in characteristics — 

11.22 130 Ditto. 

11.39 130 Rhythm during last 17 mins. apparently un- 
| changed. 

11.40 130 of a cc. containing mgr. of chlorocaffeine 


gwen. 

11,42 150 Beats very strong, sontricle slightly contracted. 
11.43 180 Ditto. 

11.45 140 _ Beats still very strong, ventricle more contracted. 
11.47 140 Ventricle apparently still more contracted. 

11.49 140 Beats very strong, contraction of seers passed 


140 "Beats apparently normal in character. 
11.54 140 Ditto. 


11.55 140 of sol. containing mgr. given. 

11.58 150 me tonic seahaniien of the ventricle observed. 

12.1 150 Ditto. 

12.3 150 Tonic contraction passed off. 

12.5 150 Ditto. 

12.10 150 Ditto. 

12.11 150 lee containing 8°32 mgr. given. 

12.12 134 Auricle and ventricle in strong tonic contention, 
| Heart generally enfeebled. 

12.15 — Heart stopped in partially contracted condition, 

| — to electrical, thermal or mechanical 
stimuli 


In order to show the modification produced in the action of caffeine 
by the introduction of an atom of chlorine into its molecule I will cite 
two experiments made by me with embryo-chicks’ hearts and caffeine. 

A dose of ‘15 mgr. raised the cardiac frequency of a 70-hour embryo 
from 88 to 100 beats per minute and induced slight tonic contraction. 
After a second dose of 15 mgr. the frequency rose to 102 beats per 
minute, After a third dose of the same amount the cardiac frequency 
fell to 80 beats per minute and the whole heart showed pronounced 
tonic contraction. The addition of a further dose of ‘3 mgr., first caused 
a temporary rise of frequency to 92 beats per minute, then after four 
and a half minutes’ action reduced the frequency to 42 beats per minute 
and induced pronounced tonic contraction. 
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In another embryo aged 75 hours 2°5 mgr. of caffeine after 1 minute 
45 seconds’ action the heart stopped in strong systole. After a pause 
the heart recommenced beating, but only gave a few laboured contrac- 
tions and then passed into a condition irresponsive to stimuli, with both 
auricle and ventricle in complete contraction. Comparing the two sets 
of experiments the contrast produced by the introduction of the chlorine 
atom into the caffeine molecule is obvious. 

The following are the chief points of interest :— 

(1) Chlorocaffeine has a much greater accelerator effect on the 
embryonic heart than caffeine. 

(2) The maximum acceleration craduond by caffeine was attained 
by doses amounting to ‘3 mgr. and was 14 beats per minute. 

With a dose of ‘3 mgr. of chlorocaffeine an acceleration of 44 beats 


per minute was obtained, while in another embryo which had been 


subjected to the action of ‘8 mgr. of chlorocaffeine (in two separate 
doses) the frequency rose from 100 to 150 beats per minute, and was 
maintained for a long time at 140 per minute. 

(3) Chlorocaffeine is much less prone to induce tonic contraction 


than caffeine. In this respect its action is much more like theobromine 


than caffeine. 

Even after doses of ‘64 mgr. of chlorocaffeine only slight 
tonic contraction was induced, while the fatal dose of 832 mgr. 
only produced a partially contracted condition. 

Caffeine itself induces slight tonic contraction in doses of ‘15 mgr. 
The fatal dose of ‘75 mgr. produced strong systolic stoppage of both 
auricle and ventricle. | 

(4) It is also evident from the above-mentioned data that chloro- 
caffeine is far less toxic to the embryonic heart than caffeine. 

(5) Chlorocaffeine in large doses seems to poison the auricle and 
ventricle equally ; caffeine is slightly more toxic to the ventricle than 
the auricle. 

(6) The action of chlorocaffeine is not removeable by heat, and in 
this respect is similar to caffeine. 

(7) Inspection of the comparative curves of cardiac frequency of 
chlorocaffeine and caffeine shows that the accelerator action produced 
by the former is much more persistent than that produced by the latter. 

(8) Also immediately before the cardiac death produced by caffeine 
poisoning there is a great fall in the frequency, while immediately before 
the death due to chlorocaffeine poisoning the frequency is hypernormal. 

(9) A similar inspection of the superimposed curves of cardiac 
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frequency produced by chlorocaffeine and theobromine (di-methyl-xan- 
thine) shows that the former has more accelerator action than the latter 
and acts in doses of less than half the amount. 

There is however a closéf correspondence between these two diagrams 
than between those representing caffeine and chlorocaffeine. 

(10) Chlorocaffeine is more toxic than theobromine. 


B. On frogs’ hearts. 


_ Hearts bathed in a solution of such sie that 1 c.c. contains 
16 mgr. of chlorocaffeine showed a slight variable primary acceleration 
(1 to 2 beats per minute), but no visible changes in the characteristics 
of the cardiograms. Slight depression followed, but the hearts could 
be kept going indefinitely bathed in a solution of this strength. — 
tion into the dorsal lymph-sack gave a similar result. 

When the heart was bathed in a solution of twice this strength 
_ (32 mgr. to 1 ¢.c.) no primary acceleration was observed, and gradually 
tonic contraction of the ventricle resulted, followed after a variable 
period of time, by tonic contraction of the auricles. The phenomena 
were apparently exactly similar to those produced by caffeine in toxic 
doses but much less pronounced. 

The average result from twenty experiments on frogs of nearly 
equal weight showed that chlorocaffeine was about 3 as toxic to the 


frog’s heart as caffeine when either directly applied or injected into the 
dorsal lymph-sack?. 


C. On myself. (Weight 140 lbs.) 


I have taken small doses of chlorocaffeine dissolved in water. I 
commenced with 4 grain doses.and have gone as far as 10 grains. The 
highest dose being the most typical in action. I record it here. 

July 25,10 a.m. Swallowed 10 grains on bread and butter. After 
25 minutes’ action my pulse rose five beats per minute. Two minutes 
later a further rise of three beats per minute resulted. During the 
next twenty minutes my pulse rate was unchanged. Respirations 
throughout the experiment varied from 18 to 22 per minute. Continual 
diuresis? set in after 30 minutes’ action (8'30.c.c. of urine voided in 
40 minutes; s.G. of urine 1006°3). After a further interval of 10 minutes 


1 Some of these experiments were performed in February, others in August; in both 
series the comparative results were similar.. 
? The diuresis was not due to nervousness caused by taking a new substance, as I per- 


formed control experiments on myself, a friend giving me chalk on bread and butter 
instead of the chlorocaffeine. 
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my pulse returned to the normal. My temperature was normal through- 
out the experiment. There was a general feeling of exhilaration similar 
to that produced by caffeine. I have repeated this oe three 
times, in each case with a similar result. 


(8) Cyanocaffeine. 

Doses of ‘1 mgr. are almost immediately fatal to the siiieaaae s 
heart, stopping it in diastole. Immediately before death, which usually 
took place after two or three minutes’ action, a reversed rhythm set in 
similar to that observed in hydrocyanic acid poisoning. There was no 


_ evidence of tonic contraction. 


_ Similarly cyanocaffeine is very toxic to the frog’s heart, }°/, solutions 
being fatal when applied to the heart muscle. Death was in extreme 
diastole, and there was no evidence of tonic contraction during any 


_ phase of its action. 


GENERAL REMARKS. 

(1) = It is evident that the introduction of an atom of chlorine into 
the caffeine molecule considerably modifies its physiological action ; and 
that the altered physiological action takes place while the three methyl 
groups are intact. | | 

(2) It is not improbable from the preceding experiments that a 
chemical stimulus (or depressant) may exert its action due to one or 
more molecular groups in its substance; and that one group of atoms 
in the molecule may modify the physiological action of other groups of 
atoms in the same molecule. This apparently occurs in the action of 
chlorocaffeine where the three methyl groups would tend to induce 
tonic contraction of the heart muscle and the chlorine atom to pro- 
duce an atonic condition. Chlorocaffeine (mono-chlor-tri-methy]-xan- 
thine) produces far less tonic contraction of the heart than caffeine 
itself. Thus we have apparently a case of “physiological an- 
tagonism” going on in the interaction of the parts of one kind 


_ of molecule and living contractile tissue (myoplasm of the em- 


bryonic heart’). 

(3) In the mtroduction of cyanogen into the caffeine molecule the 
CN molecule overpowers the physiological action of the three methyl 
groups and the cyanocaffeine acts more like a cyanogen derivative than 
a xanthine derivative. 


1 And on the contractile substance of the frog’s heart. 


Dr 
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(4) Cyanocaffeine is more toxic, and chlorocaffeine less toxic than 
caffeine itself. 

(5) The possibility of the living tissue decomposing the chloro- 
caffeine and cyanocaffeine into free chlorine, cyanogen and caffeine 
respectively was not overlooked. But tests failed to give evidence of 
these bodies. 

(6) A solution of caffeine in chlorine water acts differently, the free 
chlorine being very: toxic to the heart. 

_ (7) Chlorocaffeine is a powerful diuretic and apparently also a 
cerebral stimulant. 


In conclusion, I have great pleasure in again recording my sincere 
thanks to Prof. Halliburton, for the kindly help and criticism as, has 
constantly given me. 


Dee. 27, 1894. 
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ON METHAMOGLOBIN. By J. A. MENZIES, MD. (Edin.), 
Senior Demonstrator of Physiology in the Owens College, Manchester. 
Plate IX. | 


" (From the Physiological Laboratory, Owens College Manchester.) 


SINcE Hoppe-Seyler first described the derivative of blood-pigment, 
which he called “ Methzmoglobin,” this substance has received a large 
amount of attention and has been the subject of many elaborate 
researches. As a result of these researches we are in possession of a 
considerable number of facts bearing on the question, but as regards the 
nature of methemoglobin all that can be said up to the present time is 
that, in the words of Lea’, “the oxygen loosely united to hemoglobin 
as oxyhemoglobin becomes more stably combined,......and further that 
the resulting substance (methemoglobin) has the same composition 
and crystalline forms as oxyhemoglobin, and may be reconverted into 
the latter body by suitable means.” An abstract of the literature of 
the subject up to 1888 will be found in a mémoire on methemoglobin 
published in that year by Bertin-Sans*, More recently Araki’, 
Dittrich* and Vorkampff-Laue® have worked at the subject. 

The following research arose from an attempt to determine definitely 
the spectrum of methemoglobin, which is variously described by diffe- 
rent authors as showing 1, 2, 3 and 4 absorption bands. I shall briefly 
describe my experiments and then formulate the conclusions to which 
they have led me, 

In these experiments I have used the blood of the following animals 
—ox, sheep, pig, horse, guinea-pig, rat, newt. I have also used solution 


1 Lea. The Chemical Basis of the Animal Body, 1892. 


* Bertin-Sans. Etudes sur la méthémoglobine, Une broch. in 8°, Paris. J.B, Baillidre, 
1888, 


Araki. Zeitechr. f. Physiol. Chem. xtv. 405. 1890. 

Dittrich. Schmiedeberg’s Archiv, xxrx. 280, 1892. 

5 Vorkampff-Laue. Beitriige zur Kenntniss des Methéimoglobins und seiner Derivate. 
Inaug. Diss. Dorpat. 1893. 
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of oxyhemoglobin crystallised from dog’s blood according to the method 
recommended by Halliburton’. The crystallisation was repeated 
three times. The changes observed in the -pigment were the same 
whatever the animal from which the blood was obtained. The strength 
of solution used was usually such that when examined spectroscopically 
in a §in. test-tube, the two bands of HbO, were almost merged into 
one. The experiments were conducted in flasks or test-tubes, in some 
cases at the temperature of the room, in others on a water-bath at 
37°—40°C. The changes were produced more rapidly in the latter case. 
The position of the bands was measured by means of an arbitrary scale 
and reduced to wave-lengths by an interpolation curve. 

I have observed spectroscopically the changes produced in blood- 
pigment by the action, more or less prolonged, of the following reagents ; 
glycerin, potassium chlorate, permanganate and ferricyanide, iodine, 
amyl nitrite, potassium nitrite, chloride, bromide and iodide, and sodium 
fluoride. The action of acids will be dealt with in a separate paper. 


Drying crystals. 

As Hoppe-Seyler® and Sorby® have shown, on drying HbO, 
crystals at the ordinary temperature part of the mass is converted into — 
methemoglobin. This partial conversion also takes place in the prepa- 
ration of HbO, crystals unless the process be carefully conducted at a 
very low temperature. Solutions of methemoglobin obtained in this 
way have a faintly acid reaction, and, according to Hoppe-Seyler‘, 
contain a proteid substance and volatile fatty acids. The spectrum 
shows the typical HbO, bands well-marked, the characteristic methx- 
moglobin band in the red is present and there is a faintly marked 
- fourth band (Pl. IX, sp. 2). . The band in the red may be less marked 
or as well marked as those in the green. The centres of the bands are 
at 2630, 579, 541 and (about) 500. The exact position of the last is 
difficult to determine, as this band appears rather as an intensification 
of a general shading than as a distinct band. 

Such a solution of methemoglobin neutralised with dilute Na,CO, 
solution shows no change in its spectrum. On addition of ammonia 
the colour changes from brown to rich red. The band in the red slowly 
disappears, those in the green become more pronounced but do not 

1 Halliburton. ezt-book of Chemical Physiology and Pathology. 1891. 
2 Hoppe-Seyler. Virchow’s Archiv, xxrx. 233, 597. 1864. 

3 Sorby. Monthly Micros. Journ. vi. 9. 1871. 

4 Hoppe-Seyler. Centrald. f. d. med. Wiss. 1865, 65. 
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assume the intensity and sharp definition of typical HbO, bands. Band 
IV disappears. As band I fades, there gradually appears a faint band 
immediately to the red side of D, which, although distinct from, merges — 
with, the adjacent band II. The centre of the new band is at 2 602 
(PI. IX, sp. 5). If a little Am,S is now added to the solution, the band 
to the red side of D disappears, while the bands in the green rapidly 
assume the typical sharply defined characters of the HbO, bands, then 
slowly lose their sharp margins and gradually become changed into the 
one band of Hb. On shaking the solution with air the colour changes 
from the purple of Hb to the scarlet of HbO, and the spectrum again 
becomes that of HbO, (Pl. IX, sp. 1). 

If Am,S is added directly to methemoglobin solution without the 
previous addition of ammonia, bands I and IV disappear, while II 
and III take on HbO, characters and then give place to the Hb 
band. 

Stokes’ fluid gives the same results as Am,S with one difference— 
with this reagent I have never been able to assure myself of the 
intermediate appearance of HbO, in the course of reduction of methex- 
moglobin. There is an intensification of the bands in the green but it 
is such as might be produced by ammonia alone. 


Exposure of HbO, solution to air. 


If a solution of HbO, crystals or some dilute blood is left exposed to 
the air, especially in a water-bath at 37°—40°C., it, after 24 hours or 
more, developes an acid reaction, shows a brownish tinge, and shows 
spectroscopically, besides the HbO, bands, the band in the red of 
methemoglobin. MetHbO, may be recognised by the reduction test. 
A day or two later the acid reaction gives place to an alkaline, putrefac- 
tion has begun, the colour becomes purple, the spectrum is that of Hb 
and can be converted into that of HbO, by shaking the solution with 
air. 

Effect of Glycerin. 

Preyer’ found that when glycerin was added to a solution of HbO, 
and the mixture exposed to the air the spectrum showed, after 6 days, 
an absorption band in the red. I have found that diluted blood, treated 


with , of its volume of glycerin, and kept at a temperature of 37°— 
40°C. shows after 24—48 hours a distinct band in the red. The 


1 Preyer. ‘Pfiiger’s. Archiv, I. 396. 1868. 
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amount of methemoglobin then goes on increasing and that of HbO, 
diminishing for some days longer. By this means I have obtained a 
solution which showed bands I and IV well-marked, whereas bands II 
and III had almost, if not altogether, disappeared. Ammonia and Am,S 
bring about the changes already described. On account of the greater 
density given to the solution by the glycerin, if Am,S is carefully 
added to the top of the brown solution in a test-tube and the tube then 
set aside for 6—24 hours, there are seen 3 zones, sharply marked off 
from one another, and more or less equal, the upper purple and showing 
the spectrum of Hb, the middle scarlet with spectrum of HbO,, and 
the lowest brown with spectrum of methemoglobin. Later the whole 
solution becomes purple. 

If the methemoglobin solution obtained by means of glycerin is 
allowed to remain a few days longer (7 to 10 days altogether) in the 
water-bath, a brownish-red precipitate forms which is insoluble in water, 
but dissolves in weak acids or alkalies. The solution in dilute Na,CO, 
shows spectroscopically two bands in the position of the bands of HbO, 
but not sharply defined. On addition of Am,S the spectrum changes 
to that of hemochromogen, so that the precipitate is probably hematin 

or a closely allied body. Thus, whereas a solution of HbO, exposed to 
air passes through a methemoglobin stage (partial) and then becomes 
Hb, a solution of HbO, with piyeorsa passes into first methemoglobin, 
then (?) hematin. 


Effect of Potassium Chlorate. 


If to dilute blood or a solution of HbO, crystals saturated solution of 
KCIO, is added, in the proportion of 1 drop to each cc. HbO, solution, 
and the tube placed in the water-bath, the solution gradually becomes 
brown in colour, and with the spectroscope the HbO, bands may be 
observed to fade and the characteristic metheemoglobin band (I) to appear. 
There is absorption of the violet end up to and including the RHO, 
band. The aHbO, band becomes very faint. Ammonia and Am,S give 
the usual methemoglobin reactions. 

Some hours later the solution is pale brown and spectroscopic 
examination shows no bands, but diffuse absorption. On addition of 
AmS the spectrum becomes that of haamochromogen + a faint band in 
the red overlapping the D line. This latter band corresponds to that 
described by Bertin-Sans and Moitessier’ as characteristic of their 
‘reduced hematin.” After standing (with Am,S) for a day this solution 

1 Bertin-Sans et Moitessier. Comptes Rendus, cxvt. 11, p. 591. 1898. 
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contains Hb, showing muacticaneapiolis the band of that parent and 
becoming changed to HbO, on shaking with air. i 

When Hb0O, solution has stood with KC1O, 24 hours or more in the 
bath, it is turbid and greenish-brown. There are no bands in its 
spectrum, but diffuse absorption. When Am,S is added the fluid 
becomes clear and of a beautiful green colour. The spectrum then 
shows a distinct band in the red and two rather faint bands, apparently 
due to hemochromogen, in the green. The same appearances are 
obtained when HbO,, acted on for a certain time by dilute hydrochloric 
acid, is treated with Am,S, so that it is possible that the green colour 
may be due to an Fe reaction. 

In this case also we have the formation of first methemoglobin, and 
second a substance which gives the reduction reaction of hematin, viz. 
the formation of hemochromogen. 

The spectrum of methemoglobin formed in this way is the same as 
that of methemoglobin formed spontaneously (Pl. IX, sp.2), only in 
this case only the bands I and II are distinctly seen. Their centres are 
at 630 and 579. 


Effect of Potassium permanganate. 

Solution used 0°025°/,. Solution of HbO, treated with ¥, of its 
volume of KMn0O, solution passes through the same stages as in the case 
of glycerin and KCIO,. The spectrum of methzmoglobin formed by 
this reagent has the four bands in the positions already described 
(Pl. IX, sp. 2), viz. 1 630, 579, 541 and 500. In 24 hours a considerable 
brown precipitate has formed, and the supernatant fluid remains a clear 
pale brown solution of methemoglobin, showing the four bands of about 
equal intensity. If the tube is allowed to stand 7—11 days, the 
pigment which remains in solution changes to Hb, proved by spectro- 
scopic examination and shaking with air in the usual way. The 
_ precipitate now appears scarlet. It is insoluble in water, but on washing 
- with water for 24 hours, then dissolving in 0°2°/, HCl, it yields a rich 
dark brown solution, the spectrum of which shows 3 bands approximately 
in the position of I, II and III of methemoglobin. On addition of 
ammonia the spectrum becomes that of alkaline er but 
further addition of Am,S gives hemochromogen. 


Effect of Potassium ferricyanide. 


With this reagent the result is essentially the same as with those 
already mentioned—a passage from HbO, through a methemoglobin 
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stage to hematin. To Hb0O, solution +, of its volume of saturated 
solution of K,FeCy, is added. The colour immediately changes from 


scarlet to brown, and the band in the red of methemoglobin appears. 


If the solution is diluted the four bands can be seen. Ammonia and 
Am,S give the usual results. If the solution is kept two days in the 
water-bath or six days at the ordinary temperature, its colour changes 
to scarlet and a dark brown precipitate forms. The spectrum of the 
solution shows one band resembling that of Hb, but unchanged on 
shaking with air (Pl. IX, sp. 10). Am,S added, the spectrum changes 
to that of hzmochromogen. This hemochromogen solution on standing 


for 24 hours changes to Hb, and HbO, appears on shaking with air. © 


The scarlet solution above referred to has the characters of the 
“cyan-hematin” of Hoppe-Seyler, the “KCN-hematin” of Naw- 
rocki. According to Preyer’ the substance formed on addition of 
AmS is not hemochromogen but “cyan-hematin.” 7 

The precipitate above referred to is insoluble in water, soluble in 
dilute alkalies or acids, the solutions giving hemochromogen on addition 
of Am,S 

If the K,FeCy, action is allowed to go on in the cold, there is a 
hematin stage between methemoglobin and “ cyan-hematin,” in which, 


while the spectrum is that of methsmnoglobin, addition of esi gives 


hemochromogen. 
Effect of Iodine. 


I used Marchand’s? solution, containing ‘05 gram of iodine and 
1 gram KI to 100c.c. water. This reagent causes rapid conversion of 
HbO, into methemoglobin (Pl. IX, sp. 2). At 40° the solution soon 
becomes turbid, and 24 hours later a dark red precipitate has fallen, | 
while the solution is almost colourless and shows spectroscopically only 
two very faint bands in the green, none in the red. Am,S, however, 
when added causes the appearance of first HbO, then Hb, so that 
methemoglobin is present. Sooner or later, though the spectrum is 
the same as before, addition of Am,S causes the formation of hemo- 
chromogen, but even then shaking ‘with air brings about the change 
into HbO.. 

If the. dark red precipitate mentioned above is collected, washed 
with water and dissolved in dilute HCl, it gives a rich dark brown 
solution, the spectrum of which shows three bands corresponding to 


1 Preyer. Die Blutkrystalle. 1871. p. 202. 
2 Marchand. Virchow’s Archiv, uxxvu. 488, 1879. 
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I, III and IV of methemoglobin. Ammonia causes, when added to the 

solution, the change of this spectrum to that of alkaline methemoglobin, 
but subsequent addition of Am,S leads to the appearance of hemo- 
chromogen. 


Effect of Amyl nitrite. 


A few drops of this reagent, pure or in alcoholic solution, added to 
solution of HbO,, almost immediately produces a change of colour from 
scarlet to choeolate brown, and the solution gives the 4-banded spec- 
trum of methemoglobin, the band in the red being very distinct, those 
in the green indistinct. The four bands are in the usual positions 
(Pl. IX, sp. 2). The solution gives the usual reactions with ammonia 
and Am,S, | 

If HbO, solution is allowed to stand ‘with amyl nitrite several days, 
a precipitate forms, and, especially rapidly if blood which has com- 
menced to putrefy be used, the band in the red disappears. Am,S 
then brings about a change to hemochromogen. In one experiment 
with pure HbO, (dog) the band of “ reduced hematin” of Bertin-Sans 
and Moitessier! was also present. The precipitate exhibits the same 
characters as the other precipitates already described—its HCl solution 
shows three bands in the positions of I, III and IV of methemoglobin. 
AmS converts the pigment into hamochromogen + “reduced hematin.” 
Solution of the precipitate in 1°/, Na,CO, shows no bands, and Am,S 
gives hemochromogen. . This solution (+ Am,S) after one day shows a 
broad band in the green overlapping D, unchanged on shaking with air. 
I also obtained this spectrum with a solution of pure HbO, treated 
with amyl nitrite for one day, when there were no bands in its spectrum 
but AmS produced hxamochromogen + “reduced hematin,” and, some 
minutes later, the bands of these substances disappeared, leaving a 
_ broad band in the green as above, unchanged on shaking with air. In 
this latter case, after three days the broad band was replaced by two 
‘faint bands in the position, or nearly so, of the HbO, bands. AmS 
now added to the solution gave hzmochromogen. The substance 
characterised by these two bands in the green I shall have to refer to 
again. It appears to be the hypothetical “oxidised form of hemo- 
chromogen” of Bertin-Sans and Moitessier. 

One more point—HbO, solution + amyl nitrite, after passing 
through the methemoglobin and hematin stages, finally becomes a 
substance of which the spectrum shows two bands almost or altogether 


loc. cit. 
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in the position of the HbO, bands, but not so well defined. This 
spectrum is unchanged on treatment of the solution with Am,S, even 
after 24 hours. Can this be HbNO or a compound of one of the oxides 
of nitrogen with hematin ? 

With regard to the action of amyl nitrite on HbO, a new point has 
been raised by D. Leech’. Amy]! nitrite on being mixed with water is 
decomposed with production of nitrous acid, which in its turn is easily 
converted into nitric acid. In view of this fact I have made several 
experiments : 

I examined carefully the position of the band in the red pro- 
duced by the action of amyl nitrite in moderate quantity on blood, 
and compared it with the position of the similar bands produced by 


- nitrous and nitric acids (1°/, solution used) respectively, with the result 


that these bands are identical in position, the centre in each case being 
at % 630. On increasing the quantity of acid used, the band shifts 
towards C and its centre is found to be at X 650. It is now the band 
of acid hematin. On adding a drop or two of pure amyl nitrite to 
HbO, solution, to test the effect of excess of the reagent, a flocculent 
precipitate forms and interferes with the spectroscopic examination. If 
the precipitate be filtered off, the spectrum shows two bands in the 
green, like those obtained by prolonged treatment with a smaller 
quantity of the reagent, and probably due to the presence of “oxidised 
hemochromogen.” By performing the experiment carefully and using 
smaller quantities of amyl! nitrite I have succeeded in obtaining the 
spectrum of acid hematin, i.e. with band I at » 650, but not so dis- 
tinctly as in the case of the acids. In large quantity amyl nitrite seems 
to produce complex changes in the blood pigment, due in the first place 
to the acids produced, and secondly probably to its action as an oxidis- 
ing agent. In some cases after the action of amyl nitrite I have been 
unable to detect any bands in the spectrum, but even then Am,S gave 
hemochromogen and this slowly passed into the condition of hemo- 
globin. 
Effect of Potassium nitrite. 


A small quantity of a watery solution of this reagent added | to HbO, 
solution causes the colour to change to reddish-brown. The spectrum 
shows the four bands of methemoglobin. Am,S converts the methex- 
moglobin into HbO, then Hb. If a sufficient amount of KNO, has 
- been used the same red-brown precipitate forms in a few days as in the 


1 Leech. Croonian Lectures on Action of Nitrites. Brit. Med Jour. Jane, 1898. 
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_ case of amyl nitrite. After the precipitate has formed Am,S added to 


the supernatant fluid (decanted) gives rise to a mixture of Hb and 
hemochromogen. In one experiment, with horse’s blood, at the tem- 
perature of the room, methemoglobin formed first, and four days later 
the solution was scarlet and showed the spectrum of HbNO (?). 

_ The action of KNO, is much slower than that of amyl nitrite, some 
hours are required for even partial conversion of the pigment, as if some 
decomposition of the reagent were necessary. Amy] nitrite we know is 
decomposed. Probably KNO, also is decomposed before its action is 
produced. We must look for an action of HbO, on the salt. We know 
that the presence of HbO, facilitates the splitting off of CO, from its 
compounds in the plasma. May HbO, not have a similar action on 
compounds of weak and unstable acids with K and other bases, in salts 
which are methemoglobin-producing reagents ? 


Effect of Sodiwm fluoride. 


Using this salt as a preservative for watery extracts of spleen, I 
observed that the colour of the solution changed from scarlet to a rich 
crimson, and on spectroscopic examination the HbO, bands had almost 
disappeared and two new bands were seen at \ 612 and 500, the former 
very marked (Pl. IX, sp. 8). The same change occurs if a little 1°/, 
NaFl solution is added to solution of pure HbO, The solution is 
strongly alkaline. Addition of a little acetic acid causes intensification 
of the band in the orange and fading of the HbO, bands. It is to be 
noted that the band in the orange is in the position of the band of | 
alkali-hematin, but on addition of Am,S there is produced in this 
case first HbO,, later Hb. If the NaF'l action has gone on for some 
days, Am,S gives a change to Hb directly, with what seems to be the 
transitory appearance of the a hemochromogen band superposed on the 
Hb band. The NaFl-HbO, band also differs from the band of alkali- 
hematin in being extremely pronounced. The band of alkali-hematin 


in watery solution is often on: and sometimes alkali-hematin 


gives no distinct band. 

If NaF! is allowed to act on HbO, solution for some days in the 
water-bath, a precipitate is produced with the same characters as 
similar precipitates already described. Its solution in dilute HCl shows 
no bands in its spectrum, but on addition of Am,S hemochromogen i 18 
formed. 

In some experiments which I have made on the digestion of blood 
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pigments I have found that whereas HbO, or a freshly made solution of 
HbO, in NaF! solution becomes decomposed by pancreatic extracts, 
yielding hematin, on the other hand a solution of “sodium fluoride 
hemoglobin” is unaltered after treatment with pancreatic —_— on 

water-bath for some days. | 


Effect of other Salts of the Halogens. 


Thave used KI, KBr and KCl, and find that each of these, if left 
for some days with HbO, in the water-bath brings about the conversion 


_ of the HbO, into a substance whose spectrum is characterised by two 


bands in the green, and which is converted into hemochromogen by 
AmS. This corresponds with the description of the “oxidised form of 
of Bertin-Sans and Moitessier. 


CONCLUSIONS. 


1, HbO, becomes converted into methemoglobin (a) as the result 
of decomposition of a solution of HbO, exposed to the air, (b) when a 
blood stain is allowed to dry exposed to the air, and (c) under the 
action of certain reagents, of which I have investigated the following— 
glycerin, potassium chlorate, permanganate and ferricyanide, iodine, 


amyl mtrite, potassium nitrite, sodium fluoride (and certain acids). It 


seems improbable that the formation of methemoglobin from HbQ, is 
either an oxidation or a reduction process. In the case of the nitrites, 
which are both oxidising and reducing agents, another explanation is 
available (p. 408). 

2, When methemoglobin is produced by decomposition the 
solution has an acid reaction, and, on decomposition proceeding 
further, whereby the reaction changes from acid to alkaline, a 
reconversion into Hb takes place. 

3. Methwmoglobin produced by the action of the above-mentioned 
reagents, by further action of the same reagents, becomes changed so as 
to give rise to hematin, which is precipitated unless held in solution 
eg. by acids. In the case of K,FeCy, the hematin passes into the 
condition of cyan-hematin. 

4, Methzmoglobin cannot be distinguished from hematin by its 
spectrum alone, nor by the spectrum produced on addition of ammonia 
to its solution, but only, in the present state of our knowledge, by the 
change produced by a reducing agent. Methzmoglobin yields Hb on 
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reduction. Hematin (at least in the presence of albuminoid material) 
yields heemochromogen. 

5. In the case of chlorate and ferricyanide of potassium, and iodine, 
after hematin has been formed, and so long as it remains in solution, 
addition of Am,S gives hemochromogen, which is gradually trans- 
formed on standing into Hb. Further light is thrown on this 
reconstruction of the hemoglobin molecule by my experiments on the 
action of acids on blood-pigment, described in a separate paper’. 

6. Amyl nitrite acts very much more rapidly on HbO, than does 
KNO,. The former is decomposed on mixing with water, yielding in 
the first instance nitrous acid. The spectrum of methemoglobin 
produced in the usual way by amyl nitrite is the same as that of 
methemoglobin produced by minimal quantities of nitrous or nitric, or 
other mineral acid. Further, excess of amyl nitrite rapidly produces 
acid hematin from HbO,, even at the temperature of the room. 

Sorby* observed in 1870 that the addition of a little weak acid 
makes KNO, very active, but that in the presence of a little weak 
alkali it has a very slight action. Is it not probable that the slow 
action of KNO, is due to the fact that acid must be set free before the 
action can take place, and may not the acid be set free in one of two 
ways, either (1) by development of the fatty acids alluded to by 
Hoppe-Seyler as resulting from the decomposition of hemoglobin, 
or (2) by an action on the part of HbO, itself similar to that which it is 
said to exercise on the loose compounds with CO, in the plasma? This 
opens up the wider question of the possible dissociation of such 
unstable compounds as KMnO, and K,FeCy, before the products of 
such dissociation act in turn on the hemoglobin. KMn0O, we should 
expect to be at once decomposed by an organic substance such as 
hemoglobin. 

I have examined the reaction of blood solutions treated with KCIO,, 
KMn0O, and K,FeCy,, and never found it appreciably acid to litmus 


per. 

Vorkampff-Laue’® found in the case of nearly all the reagents he 
worked with—and they were all organic compounds except NaNO,— 
that along with the production of methemoglobin an acid reaction 
appeared. Whether this was due to decomposition of the reagent or 


1 This Journal, xvi. 415. 
2 Sorby. Quart. Jour. Micr. Sci. x. N.8. 400. 1870. 


3 Vorkampff-Laue, Beitrige zur Kenntniss des Methiimoglobins und seiner Derivate. 
Inaug. Diss.. Dorpat. 1893. ; 
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of hemoglobin one does not know, but it seems to me quite possible 
that it may have been due to a splitting up of the reagent itself and 
that the products of this decomposition had to do with the formation 
of methszmoglobin. 

7. In the spectrum of methemoglobin the only constant feature 
is the band in the red, and its position is variable. Of the other bands, 
II and III become paler the more complete the conversion into 
methemoglobin, till ultimately they are scarcely, if at all, visible. IV, 


_ speaking generally, is most marked in methemoglobin furthest removed 


from hematin. As the methemoglobin approaches the condition of 
hematin the absorption of the violet end spreads so as to approach and 
include the band IV. 

I believe, with Araki! and Lankester’, that the spectrum of — 
methemoglobin is characterised by two bends only, viz. I and IV, for 
two principal reasons, 

(1) As Araki has pointed out, further addition of the methe- 
moglobin forming reagent leads to the further disappearance of bands 
II and III, till in some cases one can no longer see them, but the 
substance observed still retains the characters of methemoglobin, i.e. it 
becomes HbO,, then Hb on addition of Am,S. 

(2) As methemoglobin is an intermediate stage (according to my 
experiments) between HbO, and hematin, one would not be surprised 
to find it mixed with both of these substances. A very minute trace of 
the former would account for bands IT and III. Again, the spectrum 
of hematin shows absorption of the violet, blue and a large part of the 
green, and so, in presence of a certain amount of hematin, the IV band 
of methemoglobin would be swamped in this absorption of the blue 
end. 

The objection which has been brought against bands II and III 
being considered due to a residue of HbO, is that band III is darker 
than IT and that this condition is the opposite of that which obtains in 


the case of the HbO, bands. But methemoglobin might, without 


producing a definite band, lead to increased absorption in the region 
of BHbO,. A trace of hematin certainly would do so. And it may 
be urged that the bands II and III in the methemoglobin spectrum do 


not show the sharp definition of the HbO, bands but bear a marked 


resemblance to an intermediate stage between HbO, and Hb. It may 
be that these bands represent partially reduced HbO,,. 


1 Araki, Zeitschr. f. phys. Chem. xtv. 405. 1890. 
2 Lankester. Quart. Jour. Micr. Sci. x. N.S. 402. 1870. 


272 


4 
a 
f 
’ 
a 
h 
of 
ld 
3) 4 
ne 
on 
or 
¥ 
‘ie 


414 _ J. A. MENZIES. 


8. Sodium fluoride converts HbO, into a form of methemoglobin, 
showing spectroscopically, besides faint traces of the HbO, bands, two 
characteristic bands, one beautifully distinct in the same position as 
the band of alkaline hematin, at 612, the other at 500, ie. in the 
position of band IV of methemoglobin. The solution is strongly 


alkaline, and addition of Am,S gives first HbO, then Hb. 


PLATE IX. 


1. - Oxyhsemoglobin. | 

2. Metheemoglobin as usually obtained and described. 

3. Spectrum obtained by using excess of acetic, oxalic or phosphoric 
acid. | 

4. Acid hematin. | 

5. Alkaline methemoglobin. 

6. Alkaline hematin in alcoholic solution. 

7. Alkaline hematin in watery solution. 

8. Sodium fluoride hemoglobin. 

. 9. Heemoglobin and sulph-hemoglobin. 

Sp. 10. Cyan-heematin. 

Sp. 11. % Pure methemoglobin. 


[The expenses of this research were partly defrayed by the Scientific 
Grants Committee of the British Medical Association. | 
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ON THE ACTION OF CERTAIN ACIDS ON BLOOD 
PIGMENT. By J. A. MENZIES, MD. (Edin.), Senior Demon- 
strator of Physiology in The Owens College, Manchester. 


(From the Physiological Laboratory, Owens College, Manchester.) 


IN a previous paper’ I have discussed the action of certain reagents, 
_ which produce methemoglobin, on blood pigment. In this paper I 
propose to treat of the action of acids. The method of experiment 
is the same as that described in the former paper. i 

As Preyer? has pointed out, very weak acids, such as carbont¢ and 
boric, convert HbO, into methemoglobin. Lankester*® showed that 
after passing CO, gas through HbO, solution for many hours, the 
spectrum of the solution showed the four bands of methemoglobin, 
but on addition of a little acetic acid the bands in the green dis- 
appeared, leaving I and IV, which, according to Lankester, are the 
only bands in the spectrum of pure methemoglobin. 

_ Borie acid requires a considerable time to produce its action, at 
least 24 hours at 37°—40° unless a large quantity of boric acid be used. 
It also converts HbO, into methemoglobin. 

Oxalic acid produces a rapid change of colour to brown, even at the 
ordinary temperature. The spectrum shows the band in the red of — 
methemoglobin well marked, IT faintly marked, and IIT just discernible 
but merging with the general absorption of the violet end. Centre 
of I is at 1.630 if a small quantity of acid be used, at \ 642 if a larger 
quantity. On addition of ammonia the spectrum changes to that of 
alkaline methemoglobin, ic. II and III, which are in the position of 
the HbO, bands, become much more distinct, and I is replaced by a 

1 This Journal, xv. 402, 

2 Preyer. Pfliiger’s Archiv, t. 395. 1868. 

3 Lankester. Quart. Jour. Micr. Sci, x. N.S., 402, 1870. 
[Drawings of some of the spectra referred to in this paper will be found in the plate 
appended to the preceding paper ‘‘ On Methwmoglobin.”] | 
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faint band just to the red side of D. If Am,S be now added, the 
spectrum changes to that of HbO, then of Hb. But if Am,S be added 
to the brown solution without previous addition of ammonia, hemo- 
chromogen is formed and after some time the spectrum is found to be 
that of Hb. On shaking the solution with air HbO, appears. 

If a small quantity of oxalic acid be used, eg. 10 drops of 1°/, 
solution to 15 c.c. HbO, solution, a partial conversion into methzemo- 
globin takes place, but 24 hours later only HbO, is to be detected. 

Acetic acid acts more strongly than oxalic, for if 10 drops of 1°/, 
solution be added to 15c.c, HbO, solution, partial conversion into 
methemoglobin will be found after 24 hours, with band I at 2 630, the 
HbO, bands still however being marked. On addition of 10 drops 
more acid, 24 hours afterwards it is found that the HbO, bands are 
very faint, 8 being just distinguishable from the general shading of the 
violet end. Centre of band I is at 1642. Ammonia or dilute Na,CO, 


added to the solution changes it to alkaline methemoglobin, and 


subsequent addition of Am,S gives first HbO, then Hb. Am,S added 


_ directly without previous addition of alkali gives first hemochromogen 


and this on standing passes into the condition of Hb. 
If the acid be allowed to act for a longer time the addition of the 


alkali produces the same effect as before, but on subsequent addition of | 


Am,S, Hb is formed directly with a trace of hemochromogen. 

If dilute blood which has been treated with acetic acid be boiled, 
the spectrum is unaltered, but on addition of ammonia the spectrum 
changes to two faint bands in the green, and Am,S now gives hemo- 
chromogen, which passes, on standing, into the condition of Hb, 

Phosphoric acid gives similar results. A few drops of 1 °/, solution 
change HbO, immediately into a brown substance, the spectrum of 
which shows one band in the red at 1.630. With a larger quantity of 
acid this band is at 4642. Na,CO, added to the solution changes the 
spectrum to that of alkaline methemoglobin. Subsequent addition of 
Am,S gives HbO, then Hb. Am,S, without previous addition of alkali, 


gives hsemochromogen, which passes gradually into Hb. 


Sulphuric, nitric and hydrochloric acids give in small quantity a 
change into methemoglobin with band I at \ 630; if the acid is used 
in larger quantity acid hematin is produced, its band being at » 650. 

_ JT have made some experiments to determine to what extent conver- 
sion of HbO, into hematin or methemoglobin depends on the quantity 
of acid used or on the duration of its action or the temperature at 
which the action takes place. The results of these experiments have 
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led me to certain conclusions which I ~_ state here before detailing 
some of the experiments. 

1. Unless the acid is used in great excess, or the duration of its 
action is very prolonged or the fluid is boiled, reconstitution of Hb will 
take place on addition of Am,S whether the — of the acid’s action 
be hematin or methemoglobin. 

2. The production of hematin or methemoglobin depends on a 
change produced in the proteid constituent of the hemoglobin mole- 
cule; if the change is slight, methemoglobin results, if the change is 
greater, hematin. 

3. The distinction between hematin and methemoglobin cannot 
be definitely made by means of their spectra, but by the action of a 
reducing agent, the former yielding hemochromogen, the latter Hb. 

The following is a detailed account. of some of the experiments on 
which the above conclusions are based. 


I. Labelled 6 test-tubes A, B, C, D, H, F respectively, and in each 
placed 10 c.c. HbO, solution (horse). To each added 10c.c. water containi 
in case of A 5 drops 1°/, HCl, B10 drops 1°/, HCl, C 20 drops 1°/, HCl, 
D 40 drops 1°/, HCl, # 80 drops 1°/, HOl, F 160 drops 1°/, HCl. 

On spectroscopic examination tubes B to F gave the usual spectrum of 
methzemoglobin prepared in this way, i.e. a distinct band in the red, faint — 
traces of two bands in the green, and absorption of the violet and blue. 
In A however the II, III and IV bands of methemoglobin were at first as 
well marked as I, but they soon faded and the spectrum became like that 
of the other solutions. To a little of each added Am,S without previous 
addition of an alkali. In all cases hemochromogen was formed and soon 
passed into the condition of Hb, most rapidly in the case of A. 

Four days later examined the solutions. The spectrum was the same in 
all but B, in which a brown precipitate had formed leaving the fluid clear and 
with a faint yellow tinge. Decanted the fluid. Shook precipitate with water. 
It became finely diffused through the water, and its spectrum was like that of 
the other solutions. 

Addition of Am,S gave ee Ree which showed no tendency to 
pass into Hb till a little of the fluid originally decanted from the precipitate 
had been added to it. [This fluid gave proteid reactions.] Then the spectrum 
slowly vhanged to that of Hb, and shaking with air gave HbO.,,. . 

The remaining solutions, A, C &c., after some days still gave hemo- 
chromogen on addition of Am,S. In some cases the band of “reduced 
hematin” (Bertin-Sans and Moitessier’) was also present. The hemo- 
chromogen slowly became partially transformed into Hb. 


1 Bertin-Sans et Moitessier. Comptes Rendus, cxvt. 11. 591. 1893. 
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On standing a few days with Am,S the solutions became green, as in the 
case of treatment with KOCIO,}. 


From this experiment it would seem as,if the acid modified the 
proteid constituent of HbO,, probably forming an aeid-albumin. 
According to Hoppe-Seyler’s view*, hamochromogen, which forms 
the other part of the hemoglobin molecule, would then become oxidised 
from the ferrous to the ferric condition and so become hematin. If 
sufficient acid is present to keep the hematin in solution a mixture of 
acid albumin and hematin is obtained as in C...F. If, on the other 
hand, not even sufficient acid is present to completely convert the 
“globin” into acid-albumin, but yet enough to partly dissociate it from 
the iron-containing part of the molecule, the hematin (or methemo- 
globin) seems to be held in solution by the proteid (tube A). Again, 
if sufficient acid is present to completely transform the “globin,” but 
not enough to keep the hematin, which is furmed, in solution, the 
latter is precipitated (tube B). In any case, if the action of the: acid 
has not been too prolonged, the addition of a little alkali leads to the 
formation of a substance with the spectrum of alkaline methemoglobin, 
which usually, on addition of Am,S, gives first HbO,, then Hb. But if 
the original solution contained a large quantity of acid, it may yield 
hemochromogen at once with a reducing agent, the hemochromogen 
gradually passing into the condition of Hb. From this it would appear 
as if, when not very large quantities of acid had been originally used, a 
reunion of the hematin and the proteid into, in this case, alkaline 
methzmoglobin may occur, whereas, in the case where more acid has 
been used, the reunion of the constituents of the Hb molecule does not 
occur till the iron-containing portion has been reduced to the condition 
of hemochromogen. This reunion is well illustrated in case of tube B 
in above experiment, where the proteid and hematin were separated 
mechanically, and no reconstitution of Hb took place until they were 
again brought together. 

The following experiments further support these conclusions. 


II. To 15cc, Hb solution (reduced by allowing to putrefy) added 
_ 10 drops of 1°/, HCl. The spectrum then showed two faint bands, I and III 
of methemoglobin. Am,S gave hemochromogen. Shaking with air gave 
some HbO, the bands of which were slightly fainter than the a hmo- 
chromogen band, which persisted. Ten minutes later, the solution gave the 


1 This Journal, xvi1. 402. 
* Hoppe-Seyler. Zeitschr. f. phys. Chem. u. 150, 1879. 
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Hb band with the hemochromogen bands superadded. Shaking with air 
gave HbO,, a trace of hemochromogen remaining. Boiling the acid fluid 
before adding the Am,S did not alter the result. | 


III. Feb, 15th, 1894. Placed in each of 6 test-tubes about 15c.c. 
methemoglobin solution formed by exposure of HbO, solution to air. The 


spectrum showed bands I, II and III about equally intense. Labelled the 
tubes A, B, 0, D, F. 


Left A at temp. of room. 
Placed B in bath at 40°C. for 2 days, 


” C ” ” yy +2 drops i, HCl. 
» +10 ,, 


Feb. 17th. Placed all ‘hi tubes at the temp. of the room. 

A. purple colour. Spectrum of Hb. — 

B. turbid, slight precipitate. Spectrum as before, but faint. 

C. Precipitate greater than in B. Solution paler. Methe- 
moglobin spectrum marked. 

D. Precipitate greater than in C. Solution paler than C. 
Spectrum showed no bands. 

E. Precipitate greater than in D. Solution clear and almost 
colourless. Spectrum showed no bands. | 

F. Same as Z£. 

‘Decanted fluid of B C, D, E and F, and tested a little of B, C and D 
with Am,S. 

B gave hsemochromogen. On shaking with air, even after some time, no 
Hb0O,,. 

C gave Hb. Shaking with air gave HbO,. 

D gave hemochromogen. Shaking with air gave a trace of HbO,. After 
one day the spectrum was that of Hb + a little hemochromogen. 

_ Mixed the clear fluids decanted from # and F and neutralised with dilute 
NaHO. A copious precipitate of acid-albumin formed. Allowed to settle 
for 24 hours, decanted and filtered. Call filtrate 8. It still gave proteid 
reactions. The proteid precipitate I dissolved in 1°/, NaHO. Call this 
solution a. 

Dissolved the brown precipitates from # and Ff in 1°/, NaHO. Call this 
solution Z', 

Prepared hematin by mixing pig’s blood with K,CO,, drying on a water- 
bath, extracting with alcohol, concentrating alcoholic solution and neutralising 
with dilute HCl. The precipitate was allowed to settle, and, after the fluid 
was decanted, was washed with water and dried. This was hematin, not 
quite pure. It was dissolved in 1°/, NaHO. | 
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Feb. 24th. Labelled 10 test-tubes A, B,...K, and placed in them the 
above-mentioned substances as follows :— 


As Hematin solution 

B. Am H. ” ” + Am,§ 
_C. Bea, J, 

D. Ei+a+Am8: R. ” ” +a+ AmS§. 

F. EH+B+AmS. 


On spectroscopic examination, tubes A, C, Z, G, and J were found to 
contain alkaline hematin, the others hemochromogen. 

Left all at temperature of room for two days, at the end of which time all 
were unchanged except C and D. The spectrum of C showed no bands, but 
Am gave hemochromogen. The spectrum of D showed the a hemo- 
chromogen band with shading of the green on both sides of it, so that it had 
lost its sharp definition. On shaking with air a faint band appeared in the 


region of aHb0O,, i.e. part of the hemochromogen seemed changed into Hb. 


The explanation suggests itself that 8 had been so changed by the 

somewhat heroic treatment it had undergone as to be no longer capable 
of forming part of the Hb molecule, whereas a, which had not been 
precipitated on neutralisation, was still capable of uniting with hemo- 
chromogen to form Hb. 
_ As to why the combination did not occur with the hematin solution, 
in this case the proteid was derived from horse’s hemoglobin, the 
hematin from pig’s. It seems probable that the proteid constituent of 
hemoglobin differs in composition in different animals. 


IV. To 20c.c. solution of HbO, crystals added 12 drops of 1°/, HCl. 
The soluticn became brown and on spectroscopic examination only band I (of 
methsmoglobin) was visible. On addition of Am,S to the solution the 


_ spectrum changed to that of Hb, and HbO, was formed on shaking with air. 


Ether, shaken up with the original solution and allowed to float, showed the 
spectrum of acid hematin in ethereal solution. 

The same solution examined 12 days later showed 3 bands, I, IT and III 
and absorption of blue and violet. Addition of Am,S gave hemochromogen, 


but the bands gradually lost their definition, absorption spread over the green 


and soon the spectrum was that of Hb + the a band of hemochromogen not 


very marked. Conversion into HbO, took place on shaking with air. 


Here again, immediately after addition of the acid, the proteid was 
not markedly altered, and on reduction an immediate reconstitution of 
the hemoglobin molecule took place; but some days later, when the 
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acid had further modified the proteid, the reconstitution of the hemo- 
globin molecule from hemochromogen and proteid took some time. 

Thus, the modifications which occur in blood pigment under the 
action of any acid, except the weakest, may be stated as a change first 
into methzmoglobin, then into hematin. The methemoglobin stage is 
however, in the case of most acids, not of long duration. The change 
may be represented thus :— 


HbO, (+ acid) 


Methzmoglobin 


Heematin Acid-albumin 
t. or sol. accordi 
to strength of acid 
We may also graphically represent the change which occurs on 
addition of Am,S, thus :— 


Hematin + Acid-albumin (+ Am,S) 


Hemochromogen + Alkali-albumin 


Hemoglobin. 


In pursuance of this line of research I have made some epee re 
with the comparatively pure hematin (pig) already referred to and 
ox-serum. The results of these experiments were negative, but they 
confirm the recent statement of Bertin-Sans and Moitessier', whose 
paper I had not seen when the experiments were made. 

Diluted serum was added to a solution of hematin in dilute NaHO. 
In no case was Hb or HbO, formed, with or without Am,S. Negative 
results were also obtained with acid solution of hematin and with pure 
serum or serum digested 24 hours with dilute HCl or NaHO. 

I noticed, however, that the hemochromogen spectrum was much 
more distinct and remained more distinct in the case of solutions which 
contained serum than in the corresponding tubes which did not; and 
further, that in the case of the tubes without serum, there was present 
(after addition of Am,S) in the spectrum a band having its centre 
about the D line, which band was not visible in the case of the tubes 
- containing serum. This band is that described by Bertin-Sans and 


1 loe. cit, 
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Moitessier as bélonging to “ reduced hematin,” and these authors find 
that “reduced hematin” in the presence of albuminoid material has its 
spectrum changed to that of heemochromogen. -My experiments confirm 
this ‘statement. 


SUMMARY. 


1. Acetic, oxalic, phosphoric, hydrochloric, nitric and sulphuric 
acids act upon hemoglobin, converting it first into methemoglobin, 
then into hematin. With minimal quantities of acid the band in the 


red is at X 630, with larger quantities it shifts towards C, and in the 


case of acetic, oxalic and phosphoric acids it is at \ 642, whereas with 
the other mineral acids it is at X 650. 

2. The methemoglobin stage is distinguished from the hematin 
stage by the position of the band in the red, and by the action of a 
reducing agent, in the former case HbO, then Hb being formed, 3 in the 


latter hzemochromogen then Hb. 


3. By using dilute mineral acid of a certain strength HbO, can ‘te 
split into a proteid, which remains in solution (colourless), and hematin, © 
which is precipitated, most probably in an impure form. The latter, 
when dissolved in dilute acid or alkali, on treatment with Am,S yields 
hzemochromogen, which, on being mixed with some of the colourless 
proteid solution, becomes converted into Hb. 


[The expenses of this Research were partly defrayed by the Scientific 
Grants Committee of the British Medical Association. | 
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THE INFLUENCE OF SALINE MEDIA ON THE: 
TADPOLE. By SYDNEY RINGER, MD, FRS.. anp 
ARTHUR G. PHEAR, MB. Cantab. 


(From the Physiological Laboratory of University College, London.) 


For some years we have been studying the action of various salts on 
living tissues, and we have found them to possess at least two distinct 
properties. Some salts are efficient in maintaining structural integrity 
of tissue; others are able to support functional activity. The two 
properties are not necessarily combined in a single salt: a salt which is 
competent to support function may be very inefficient or quite incapable 
of maintaining integrity. 

We have shown’ that the gill edges of water mussel if placed in 
distilled water quickly disintegrate, the cells becoming swollen and 
granular, and separating from one another. Many of the cells burst, 
and ciliary action ceases. The addition of a small quantity of calcium 
chloride or of sodium bicarbonate is sufficient to sustain both integrity 
and function for many days. 

We have shown too that distilled water causes separation of the 

cuticle from fishes and newts”. | 

In the present communication we shall put forward the results of 
further observations on the action of various salts on the intact organism. 
The organism employed has been the tadpole, those only being selected 
in which development had progressed beyond the gill stage. 

The following is the method of experiment adopted. In each one of 
a series of beakers 200 c.c. of distilled water were placed. To the first 
of these nothing further was added. To the other beakers were added 
increasing quantities of a solution of the salt under examination, so that 


1 Ringer and Buxton. “Concerning the Action of small quantities of Calcium, 
Sodium, and Potassium salts upon the Vitality and Function of Contractile Tissues and 
the Cuticular Cells of Fishes.” This Journal, v1. 154. 1885. 

* Ringer. ‘The Influence of Saline Media on Fish, etc.” This Journal, tv. vi. and 
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 @ period varying as a rule between two and six hours. Paralysis is 


of some salts tadpoles could not exist in the natural waters of rivers 


a series was obtained of solutions of ascending strength. Into each of 
these vessels three or more tadpoles were introduced, and the action of 
the solutions on the tadpoles was observed and duly noted. 

Tadpoles placed in distilled water rapidly become motionless, after 


quickly followed by disintegration ; indeed signs of desquamation may 
be observed before movement has entirely ceased ; and we believe it to 
be by means of such disintegration that distilled water causes death. 
Certain salts when added to distilled water in proper proportion sustain 
motion in tadpoles, in some cases for many days. This fact of itself is 
no matter for surprise; since were it not for the sustaining properties 


and ponds. Some of the salts which we have found to sustain are 
however powerful poisons, such as hydrocyanic acid, and cyanide of 
potassium, and the neutral oxalate of potassium. As illustrating this 
property of supporting life, experiments with potassium ferrocyanide 
and potassium oxalate will be described. 

Exp. 1. Potassium ferrocyanide. In each beaker 200 c.c. of distilled 


water, and to all but beaker (1) potassium ferrocyanide added so as to make 
percentage of it in 


(2) -000125 pac. (5) 00075 pc. 
(3) -00025. ,, (6) 001 
(4) -0005 ,, 


April 23. 10am. Tadpoles introduced. 
4p.m. (1) All tadpoles motionless. 
(2) One moves languidly. Two motionless. 
(3)—(6) Quite active. 
7 p.m. (2) All motionless. 
(3)—(6) Quite active. 
| April 28, (6th day.) 10am. All tadpoles in beakers (3)—(6) quite 
active, with exception of one dead in — (6). 
Experiment discontinued. 


Exp. 2. Potassiwm ferrocyanide, 200 .c. distilled water in each beaker ; 
so much of the salt added as to make percentage in 


(1) °00125 p.c. (4) -0075 p.c. 
(2) 0025 ” (5) ‘01 ” 
(3) 005 , 


April 22. llam. Tadpoles introduced. 
25. 10am. Beakers (1)—(4). All active, 
Beaker ve One tadpole dead. Three active, 
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April 27. 10 a.m. (1)—(4) All active. 
(5) All dead. 
28. 10am. (1)—(4) All active. 
Experiment discontinued. Tadpoles in the first four nah being as 
active after lapse of six days as at beginning of Exp. 


Exp. 3. Potassiwm oaalate (neutral). In each beaker 200 c.c. distilled 
water ; potassium oxalate added so as to make percentage of it in 
(1) 05 pe. (3) ‘1 p.e. | 
(2) ,, (4) ‘15 ,, 
April 8. 10’a.m. Tadpoles introduced. 
9 10am. (1)—(3) All active. 
(4) Two motionless. One quite active. 
12, 10am. (1)—(3) Active. 
(4) One still moving, but sluggish. 


Experiment discontinued, tadpoles being alive and active after lapse of 
four days. 


Many other salts have been found to possess similar properties, 
particularly salts combined with weak acids, such as the carbonates, 
citrates, tartrates, and oxalates. The results of numerous 5 econ 
with these may be tabulated as follows :— 


Taste A. Salis which sustain for an dnidehtit period. 


Duration of life in control 
Duration of _ beaker 
Strength found to sustain experiment water only 
Potenstiann oO 1in 1000 to1 in 500 8 days Under 7 hours 
in 20,000 to 1 in 1000 
in 8000 to 1 in 700 
in 1000+ 
{in 4000" to 1 in 800+ 
te 0,) 1in 2000 tol in 150+ 24 hours 
” 1 in 4000 5 ” 
» Cyanide 1 in 80,000 Bs gs nder 3 hours 
1 in 400,000 to1in 15,000 6 
Sodium Chloride 1 in 800 to 1 in 200 : eae 
Bicarbonate 1 in 1000 Under 7 ho 
, Bicar in ; er 7 hours 
Phosphate (N iin ; ho 
in urs 
1 in 3000 to 1 in 800+ at 
casi 4 
in 8000* to 1 in 1500 
Caffein Citrate 1 in 8000* to 1 in 2000 Bias 
In all these cases the tadpoles were as active, and with vitality apparently as un- 


impaired, at the close as at commencement of the experiments. 


* Solutions more dilute than these were not tested. 

+ Stronger solutions were not tested. 

t Prepared by passing CO, through lime water. 

§ Prepared by allowing distilled water to stand for 24 hours on tricalcic 
[Ca,(PO,),]. The solution thus obtained contains less lime than is present in tap water. 
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The limits of dose here given represent those ascertained by repeated 
experiment with each separate salt. In a number of experiments, 
although the main results are similar, yet there is some slight variation 
in the limits of the dose which sustains, doubtless owing to the varying 
susceptibilities of individual tadpoles, It will be noticed how varied is 
the quantity required of these several salts, and what a very minute 
dose of some is sufficient to support life. Potassium ferrocyanide is the 
most striking instance of this, a solution containing ‘00025 p.c. being 
sufficient to maintain life and movement for a period exceeding six 
days. Since such minute quantities suffice, it might be supposed that 
the salts requisite for sustenance are derived from the feces, which 
often are expelled in considerable quantity. Two considerations 
disprove this; first, the tadpoles do not survive in distilled water, 
although here as much fecal matter is ejected as in the solutions which 
sustain; secondly, the tadpoles survive when transferred to a fresh solu- 
tion, as soon as contamination with fecal matter has occurred. 

Other salts though not sustaining for these long periods, yet present 
a distinct superiority over distilled water in their powers of preserving 
life. These may be tabulated as follows :— 


Taste B. Salts which sustain, but not indefinitely. 


solutions 
Sodium Ree (N 1 in 7000 1 da 
1 in 4000 to 1 in 2000 34 hours 
lin 700 to 1 in 400 
oe 1 in 4000 to 1 in 900 1 day Under 74 hours 
1 in 4000 to 1 in 1000 


In some of these experiments it has happened that of four tadpoles 
some have become motionless within a short time, the remaining ones 
surviving for some days, even though transported into a fresh solution 
away from their dead companions. 

In the case of a few salts we have been unable to discover any 

sustaining property, in spite of repeated trials and the employment of 
doses varying widely in range. Indeed, these salts seem to cause 
paralysis of movement and death sooner than distilled water. It will 
be noticed that many of these are potassium salts, and in association — 
with the stronger acids. 
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“Tasuz (.. Salts which kill as soon us or sooner than distilled water | 


Solution in which tadpoles Duration of lifein Duration of life in 


Salt survive longest these solutions distilled water 
Potassium Chloride 1 in 20,000 4 hours 4 hours 
” Sulphate 3 ” | 

» Chlorate 1 in 20,000 to 1 in 400 1} hours Over 1} hours 

te to 1 in 4000 

»» Phosphate ( 4)  1in 800 hours 
Sodium Acetate 1 in 400 5} hours 
Calcium Chloride : 1 in 3500 to 1 in 1500 Gy 

» Sulphate Sat. sol. 


It was with some surprise that we found that acids, inorganic as 
well as organic, support life even for days when employed in appropriate 
doses. With stronger doses of the inorganic acids paralysis supervenes 
very quickly, desquamation commencing even before death, and pro- 
gressing at a very rapid rate. The caustic alkalies also were found 
efficient to sustain in doses which are large as compared with the 
_ extremely minute quantities of acid which suffice. The results of our 
experiments with acids and alkaliés are summarised in the following 
table :— 


Taste D. Acids and Alkalies. 


Strength of solutions found Duration of life in Duration of life in 
to sustain 


Acids these solutions ~ distilled water 
H oric Acid 1 in 70,000 to 1 in 50,000 4 days 2 hours 
Sulphuric Acid 1 in 200,000 to 1 in 80, oS: me 
Nitric Acid 1 in 100,000 to 1 in 50,000 9 hours a8 
Acetic Acid 1 in 20,000 1 day 
Citric Acid 1 in 80,000 to 1 in 15,000 2 days 
Tartaric Acid 1 in 20,000 ger 
Oxalic Acid * 1 in 20,000 _ 84 hours | 
Sulphurous Acid 1 in 1000 2 days Under 4 hours 
1 in 500,000 
Pi 1 in 1,000,000 1 day ; 
ae 1 in 4,000,000 9 hours Under 6 hours 
Alkalies 
Potassium Hydrate 1 in 4500 to 1 in 2000 1 to 2 days 4 hours 
Sodium Hydrate 1 in 5000 to 1 in 3000 lto2 ,, 4» 


* No supporting action discovered here; but minute doses were not tested. 


The foregoing experiments and tables show clearly that certain 
substances when added to distilled water change this from a medium in 
which tadpoles live only for a few hours to a medium capable of main- 
taining life fora much longer time. Whatever be the precise value of 
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the doses indicated—and we believe that the dose must vary within 
wide limits according to the stage of development and individual 
well-being of the tadpoles employed—the main results obtained in 
respect of maintenance or non-maintenance of life and motion remain 
unaffected. | 
With regard to the nature of this sustaining power, we are at 
present prepared to do no more than put forward an explanation, which 
so far as it goes we believe to be correct, and which is borne out, by 
further experiments to be quoted. Distilled water causes death by dis- 
integration, primarily of the cuticle. By the addition of certain salts 
in the right proportion, we believe that the integrity of the tissues is 
maintained, and thus the life of the whole organism is preserved. The 
prevention of disintegration of tissue by the presence of minute quanti- 
ties of some salts has been well shown in experiments referred to above 
on the ciliary action of gills of fresh-water mussels. Portions of gill 
placed in distilled water rapidly changed; ciliary action ceased; the 
cells became granular and swollen, and separated from one another. 
In the presence of certain salts, however, ciliary action and structural 
integrity remained unimpaired for days. : 
Salts maintain life which to the heart of the frog are poisons,—for 
instance, the whole group of potassium salts, notably potassium oxalate 
and potassium cyanide. It cannot be supposed that a salt which 
paralyses the heart of the frog is inert when passing through the heart 
of the tadpole; we do not believe that these salts are absorbed when 
employed in such doses as we have found to sustain; we suppose them 
to be functional merely in maintaining the integrity of the skin and 
intestinal mucous membrane, thus protecting against themselves; since, 


_ with skin-and mucous membrane intact both as regards structure and 


function, the physical laws of diffusion are held in abeyance, the cells 
exercising a selective power over what they absorb, or what they reject. 
Increase the dose, and the toxic action of the salt asserts itself; the 
selective function of the cells is paralysed, though in structure they 
remain intact; their controlling influence over the physical laws of 
diffusion is removed and the salt is absorbed, causing the death of the 
organism, although the structural integrity remains to all appearances 
unimpaired. This theory may be illustrated by the following experi- 
ment:— 
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Exp. 4.* Potassium citrate (KH,O,H,0,). In each beaker 200 c.c. dis- 
tilled water ; potassium citrate added so as to make percentage in 


(1) *00025 p.c. (9) Ol 
(2) 0005, (10) 0125, 
(3) -00075 ,, 
(4) 001 (12) 
(8) -00125 ,, 
(6) 0025 ,, (4) 15, 
(7) 005 ,, (15) 
(8) 0075 ,, (16) 25 ,, 


April 25. 10am. Tadpoles eseadenl, 
2 p.m, (1) Two motionless, Two sluggish, 
(2)—(16) All active (except a small one dead i in 3). 
26. 10am. (1)—(8) All motionless. 
(4)—(14) All active. 
 .(15) and (16) All motionless. 
27. 10am. (4) Motionless. 
ies (5) Two motionless. One active, 
(6)—(12) Active (except one motionless in 10). 
(13) Three active. One motionless, 
(14) All motionless. 
28. 10am. (5)—(7) All motionless. 
(8)—(12) All active (except one in 10). — 
_ (13) Three motionless. One active. 

* This experiment was performed in two parts on separate occasions ; these have been 
arranged in 4 single series for the sake of clearness. | | 7 

We believe that here the lowest doses of potassium citrate are not 
sufficient to obviate the distilled water action ; the medium doses, at the 
same time as they suffice to sustain integrity, are not large enough to 
destroy the function of the cells, whereby diffusion is held in abeyance, 
and absorption of the salt prevented ; the larger doses display the toxic 
action of the salt, paralysing the cells, allowing the physical laws of 
diffusion to act without check, so that the salt gains access to the tissues 
of the organism, and the tadpole dies. 

Further evidence in favour of the non-absorption of salts in the 
doses in which they sustain is supplied by experiments with double 
solutions, containing potassium chloride and in additiow one of various 
other salts. Of potassium chloride by itself, solutions have been tested 
varying in strength from 1 in 20,000 to 1 in 100; but only one (the 
weakest) has been found to maintain life so long as distilled water, 

| 28—2 
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~ none to maintain it longer (except in some cases of tadpoles in the gill 


stage, which present anomalous features). From experiments to be de- 
scribed, there is reason to believe that this lack of supporting power on 
the part of potassium chloride is due to its inability to entirely prevent 
the disintegrating action of distilled water; thus the salt gains access to 
the organism ; and as would be expected the combined toxic action of 
the salt and disintegrating influence of distilled water cause death 
sooner than would distilled water alone. Disintegration must to some 
extent be obviated, since no gross changes occur comparable with those 


which are seen with distilled water alone; this however is no proof 


that minute breaches of integrity have not taken place, too small to be 
appreciated by the naked eye. If however a solution be employed, 
containing in addition to potassium chloride one or other of the 
salts which have been found to prevent disintegration, the result is very 
different ; in such a double solution tadpoles survive for days, in many 
cases as well as in tap water, or in the sustaining solution itself free 
from potassium chloride. 

We have tested in this respect solutions containing as well as 


potassium chloride one or other of the following salts,—potassium 


citrate, potassium oxalate, sodium oxalate, sodium phosphate, and 


calcium phosphate, and in every case the tadpoles have lived for days; 


in a solution containing potassium oxalate 1 in 4000 and potassium 
chloride 1 in 700 the tadpoles were alive and to all appearances quite 
healthy on the 8th day, when the experiment was closed. An experi- 
ment with potassium citrate + potassium chloride will be cited side 


by side with one in which potassium chloride was employed by itself. 


Exp. 5. Potassium chloride. 200 c.c. distilled water in each beaker ; to 
all but the first potassium chloride added to make percentage as follows : 


(2) -05 p.c. (5) 2 pe. 
(4) ,, 


April 16. 11.30a.m. Tadpoles introduced. 

1 p.m. (1) Tadpoles still moving. 
(2)—(6) All motionless. 
4.30 p.m. All motionless. 

Exp. 6. Potassium chloride + potassium citrate (KH,O,H 0). In each | 
beaker 200 c.c. of a ‘01 p.c. solution of potassium citrate in distilled water ; 
potassium chloride added so as to make percentage — ! 

(1) ‘1 pe. (3) pe. 
(3): (4) ,, 
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April 30. 10a.m. Tadpoles introduced. 
May 3. < All perfectly active. 
4, nm All motionless. 


It is seen that while the tadpoles in the potassium chloride 
solutions all died within 14 hours, those in solutions containing corre- 
sponding quantities of potassium chloride, and in addition a small 
quantity of potassium citrate, survived for more than three days. 

_ With a view of determining the nature of this controlling action 
of one salt over the toxic properties of another, the si estsctiiee pair of 
experiments was devised. 


Exp. 7. Potassiwm oxalate (K,C,0,) + potassium chloride. In each 
_ beaker 200 c.c. of a ‘025 p.c. solution of potassium oxalate in distilled water ; 
potassium chloride added so as to make percentage in 


35 (7) 16 


April 29, llam. Tadpoles 
2.30 p.m. (1)—(6) All active. 
| (7) All motionless. 
30. 10am. (1)—(4) All active. 
(5) and (6) All motionless. 


May » No change. 
(1) and (2) Active. 

(3) and (4) One tadpole motionless in each. 

3. ‘s (1) and (2) Active. 
(3) and (4) All motionless. 

4. » (1) All active. 

3 (2) Two active. One motionless. 
5. ” (1) All active. 


(2) One only active. 
6. No change. 
Experiment discontinued. 


By this experiment the dose was determined at which the toxic 
action of potassium chloride asserted itself despite the presence of a 
given quantity of potassium oxalate. A second experiment was then 
performed, in which this toxic dose of potassium chloride was employed 
as the constant, and to this solution increasing quantities of potassium 
oxalate were added. 
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Exe. 8. Potassium oxalate + potassium chloride. In each beaker 200 c.c. 
of a 1 p.c, solution of potassium 7, F —" oxalate added so as to 


(1) 025 pc (4) ‘1: pe 
(2) 05 ,, (5) 125 ,, 
(3) ,, | 


April 30. 10.30am. Tadpoles 
1.30pm. (1) All active. 3 
(2) Two active, One motionless. 
(3) Two active. One motionless. 
(4) One moving sluggishly. Two motionless. 
(5) All motionless. 
(1) All active. 
(2) One active. Two motionless. 
: (3) and (4) All motionless. 
May 1. 10 a.m. All motionless. 


These two experiments show that there is no direct antagonistic - 
action between the two salts; for had there been such action, the dose 
of potassium chloride which in Exp. 7 was toxic, would have been 
antagonised by the higher doses of potassium oxalate in Exp. 8; 
whereas in fact the higher the dose of potassium oxalate in the last 
experiment, the sooner the tadpoles died. We believe the interpre- 
tation of these experiments to be as follows. Potassium oxalate 
sustains the integrity of the superficial tissues of the tadpole, and 
thereby permits the presence of a certain quantity of potassium chloride 
in the solution with impunity to the tadpole, absorption not taking 
place. On increasing the strength of potassium chloride beyond a 
certain point, its toxic properties become evident in the paralysis of the 
functional activity of the skin and mucous membrane; although the 
line of cells remains unbroken, their powers of selection are in abeyance, 
and the physical law of diffusion comes into action, absorption of both 
salts taking place, and the organism rapidly becoming motionless. 
When once this limit is reached, it matters not, as shown by the 
experiments, whether potassium oxalate or potassium chloride be added: 
in either case the result is the same. These two salts therefore only 
differ in the extent to which they preserve integrity; when once access 


- to the organism has been gained, the one is as fatal in its effect. as the 


other. 
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ELECTRICAL PHENOMENA DURING MOVEMENTS 
OF THE IRIS. By E. WAYMOUTH REID, Professor of 


Physiology in Unwersity College, Dundee, St Andrews ee 


Langley and Anderson(!) have recently brought forward convincing 
proof of the existence, in the iris of the cat, rabbit, and dog of “some 
radially arranged contractile substance,” upon the contraction of which 
they consider dilatation of the pupil in large measure depends. “Re- 
viewing the whole of the previous observations,” they state on p. 596 of 
their paper, “we think they show a probability that the sympathetic 
causes @ dilatation of the pupil, not by producing a contraction of the 
blood vessels, but partly by causing a contraction of a dilator muscle 
and partly by causing an inhibition of the sphincter muscle.” From 
their own experiments, however, they conclude (p. 594) that the 
sympathetic has no inhibitory action on the sphincter muscle. 

It has appeared to me that observations upon the variation of a 
demarcation current artificially produced by thermic section of the 
circular and radial contractile substance of the iris, upon excitation of 
the nerves that contain pupillo-motor fibres, may tend to throw some 
light upon the time-honoured question of movements of the iris. 

It is certain that the variation of the demarcation current of injured 
muscle is negative when the muscle contracts. It is highly probable 
that inhibition of the tone of muscle fibre is —— by & positive 
variation of its current of demarcation. _ 

Gaskell (2) demonstrated that after a thermic section of the quiescent 
auricle muscle of the tortoise, electrical, mechanical, or chemical stimu- 
lation of the vagus in the neck, induced a positive variation of a demar- 
cation current, without any evidence of actual relaxation of the muscle. 
He found that atropine cut out the effect. | 

Furthermore in the toad’s ventricle, in standstill from application of 
muscarine to the sinus or the clamp to the auriculo-ventricular groove, 
excitation of the sympathetic causes a negative variation. 
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The experiments I have made have been for the most part ste the 
cat, though a few rabbits have also been used. 

The cat is the better animal for the experiment, since its iris moves 
to nerve excitation after removal of the cornea, far better than that of 
the rabbit. | 

_ The method of experiment was as follows. The animal having been 
deeply anzsthetised with chloroform and alcohol, the cervical sympa- 
thetic was prepared. The cornea was then removed without injury to 
the iris, and the latter after establishment of a thermic section put in 


_ connection with the galvanometer supplied with the usual compensating 


circuit. The electrodes, of the usual non-polarisable type, were supplied 


with crochet cotton contacts in order that no shifting of contacts might 


occur during iris movement. Since the contractile elements are deeply 
placed in the iris the injury must be considerable in order to obtain a 
good demarcation current, but the iris reacts well in the cat, at any 
rate, after severe injury. 

Two positions of the electrodes on the iris were employed. One, as 
in A in Fig. 1, in which the intermediate tract is occupied by sphincter 
fibres, the other as in B, in which radial fibres lie between the points led 


off to the The position is termed Concentric, the 


Fie. 1. Diagram indicating the two positions of the electrodes used in the experiments. 
In the text A is termed concentric position, B, radial position. In both A and B 
the mark — indicates the position of the thermic section. 


The results of experiments in which the peripheral end of the 


divided cervical sympathetic was excited are given in the — 
table. 
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Forailisation for 10" of pariphoral ond Of divided carvical eympathetic. 
Cats (anssthesia by chloroform and alcohol). 


1. 2. 3. 4, 5. 
Distance in Electrical varia- 


Position of cm. between tion of compen- 
I _ Concentric 10 + 10° 
Radial 10 — 20 
Radial - 15 — 40 Dilatation of 
Radial 15 — 20 pupil 
Concentric 15 +15 
i ae — 20 
Concentric 10 + 10 Dilatation of 
Radial 10 — 10 pupil 
Radial 5 — 50 
III ‘Radial 15 — 50 
Concentric 15 + 30 
Concentric 15 + 30 —s of 
Concentric 15 + 28 Pr 
Concentric 10 + 20 
Opposite eye & Concentric 10 + 70 Great dilatation of 
sympathetic Concentric 10 + 80 ~pupil 
IV Radial 15 
Radial 15 — 40 
Concentric 15 —5+30 Dilatation of pupil 
Concentric 10 + 60 Fresh inj 
| Concentric 10 + 60 myny 
Concentric 14 + 20 
Concentric 14 — 10+ 40 Dilatation of 
Radial 14 — 30 pupil 
Radial 10 — 30 | 
VI Concentric 15 + 100 
: Concentric 15 “+ 7 Great dilatation 
Radial 15 .— 100 of pupil . 
Radial 15 — 650 ee 
Rabbit (anesthesia by chloroform and alcohol). 
VII Goncentric + 20 
Concentric +15 | 
Radial 5 — 30 
Radial 10 of 
Radial 10 
Concentric 10 + 25 


Concentric $10 + 20 
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A glance at the above table shows that the variation of the demar- 
cation current is almost always purely negative when the electrodes are 
in the radial position, purely positive in the concentric, when the pupil 
dilates as a result of stimulation of the sympathetic. 

In experiments IV and V a slight negative variation preceded the 
normal positive in the concentric position, once in each experiment. 
This I found was merely due to one of the electrodes being a little wide 
of the actual region of the sphincter muscle. 

Since the iris vessels constrict upon excitation of the sympathetic, it 
is necessary to demonstrate that the effect is not due to any variation in 
temperature causing thermo-electric currents. 

This I have done in two ways. In the first I have bled the animal 
to death and found that the variation persists concomitant with dilata- 
tion of the pupil, though heat changes must be absent. 

The following experiment is quoted in illustration. 


EXPERIMENT VIII. 


Cat (anesthesia by chloroform and alcohol). 
Sympathetic prepared. Iris exposed and led off to plea after 
thermic section. 


Distanceinem. Electrical variation 
Position between primary and _ of compensated 
coil. demarcatio 


of electrodes. secon mneurrent. § Remarks. 

Concentric + 35° 

Radial } Pupil dilates 
Animal bled to death from carotid artery. 

Radial 12 — 40 Brg 

Concentric 12 + 35 } Pupil dilates 


In the second method I have taken advantage of the action of 
brucine. Langley and Dickinson(S) showed that after brucine excita- 
tion of the peripheral end of the sympathetic causes constriction of the 
ear vessels of the rabbit, without dilation of the pupil, and Langley and 
Anderson(1) have shown that in the albino rabbit the iris vessels con- 
strict while the pupil is unaltered on stimulating the sympathetic after 
injection of brucine. The electrical effect therefore should if related 
to vasomotor change — after brucine. Experiment shows that it 
does not. | 
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EXPERIMENT IX. 


Albino Rabbit (anesthesia by chloroform and alcohol). Srimshons and 
iris prepared. Curarine 5 mgms. by crural vein. Artificial respiration. 


, between primary of compensa 
of electrodes. coil.  demarcatio 


n current. Remarks. 
Radial 10 | — 25° Pupil dilates 
Concentric 10 + 30 } Iris grows pale 
30 mgms. of brucine nitrate by crural vein. 8 aap protects from 
convulsions. 
_ Concentric 10 oda Pupil motionless 
c Radial 10 0 J Iris grows pale 


I have repeated this experiment on the cat with like effect except 
that one cannot of course see the vessels of the iris constrict as in the 
albino rabbit. The effect therefore is not of vasomotor origin. , 

Excitation of the third cranial nerve at the base of the skull, with 
concomitant constriction of the pupil, gives I find precisely the reverse 
effect to that obtained upon stimulation of the cervical sympathetic. 
The external ocular muscles must of course in this case be divided to 
‘prevent shifting of the eye. 


EXPERIMENT X. 


Gat (anesthesia by chloroform and alcohol). Sympathetic and third nerve 
at base of skull prepared. Ocular muscles divided‘on strabismus hook. Iris 
prepared and led off to eee: as usual. 


Electrical variation : 
Position of Distance in cm. of compensated 
Nerve - @lectrodes- between ary demarcation Remarks. 


excited. on iris. and seco coil. current. 
Third cranial Concentric 13 } Pupil 
Radial : +25 -constricts 
Sympathetic Radial — 30 oe 


The negative variation then is obtained in the concentric position of 
electrodes when the pupil constricts, in the radial position when it 
dilates: the positive variation in radial position when the pupil con- 
stricts, in the concentric when it dilates. 

The negative variation in the concentric position on excitation of 
the third nerve, must be associated with the undoubted activity of the 
sphincter muscle in constriction of the pupil, and the similar variation 
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in the radial position upon excitation of the sympathetic, I cannot but 
consider as the direct result of the contraction of “radially a 
contractile substance.” 

As regards the positive variation in the radial position upon excita 
tion of the third nerve, and in the concentric position upon excitation of 
the sympathetic, it is possible, in accordance with the experiments of 
D’ Arsonval(4) and of Parsons(5), that this is some electro-capillary 
current consequent upon passive stretching of radial fibres in the first 
case and the sphincter in the second; but in the light of the far more 
careful experiments of Burch and Hill(6), D’Arsonval’s theory does 
not stand on a firm basis. 

_ The only other explanation is that directly obtained from Gaskell’s 
tortoise auricle experiment, namely, that the positive variation is indica- 
tive of inhibition, and that in the movements of the iris, the tone of 
_ those fibres that tend to oppose motion, the concentric in the case of 
dilation of the pupil, and the radial in the case of constriction, is in- 
hibited simultaneously with the augmentation of action of the fibres 
actively concerned in the movement. 
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A CONTRIBUTION TO THE STUDY OF UROERYTHRIN. 
By ARCHIBALD E. GARROD, M.A, M.D., FRCP, Plate 
X. 


It is doubtless on account of its peculiar properties which place many 
obstacles in the path of the investigator, that uroerythrin, the colouring 
matter of pink urate sediments, remains one of the least known of the 
urinary pigments, although it was the first member of a group to 
receive individual study. 

Its literature extends back to the year 1800 to a paper by Louis 
Proust', one section of which is devoted to the chemistry of urate 

sediments and of the “ substance rosacée” or “ acide rosacique” to which 
_ they owe the pink tint which they so often exhibit. 

The next contributions to the subject came from Vauquelin’, in 
1811, and Vogel’®, in 1814, who confirmed and somewhat extended 
the observations of Proust. 

Berzelius* (1833) paid some attention to this pigment, and had no 
difficulty in showing the incorrectness. of a statement put forward in 
1821 by Prout’ that the colouring matter of the sediments was pur- 
purate of ammonia or murexide; and the differences between its pro- 
perties and those of murexide were further emphasized by Brett and 
Golding Bird® in 1834, 

_ The name of uroerythrin, assigned to this colouring matter by 
Franz Simon’ in 1840, has since been generally adopted, although 
that of purpurine, proposed by Golding Bird®, is still occasionally met 
with, 

Until quite recently the most complete account of the properties 
of uroerythrin was that of Heller®, published in 1854, and it is upon 

1 Annales de Chemie, xxv. 265. 1800. Scherer’s Journal, v1. 11. 

2 Annales du Muséum, 133. 1811. 

3 Schweigger’s Journal, x1..401. 1814, 

4 Traité de Chemie, vit; 856. 1838. 

5 An Enquiry into the Nature and Treatment of Gravel etc. Pp. 16 and 122. 1821. 

6 London Medical Gazette, x1v. 600. 1834, 

7 Handbuch der angewandten medizinischen Chemie, 1. 342. 1840. 

8 Urinary Deposits, pp. 57 and 107. 1844. 

® Archiv f, Chemie und Microscopie, 861. 1853-4, 


4 
fay 
ag 
ug 
a 
4 
¥ 
Ve 
bry 
& 
= 
* 
BA. 
3 
3 ts 


440 A. E. GARROD. 


his observations that such brief descriptions as are to be found in 
works dealing with the chemistry of the urine are mainly based. 

Thudichum? described the spectrum of uroerythrin in 1875, but 
his description differs materially from that which was given in 1883 by 
MacMunn’*, and which has been confirmed by all more recent 
observers. 

Of quite recent years our knowledge of uroerythrin has been very 
materially advanced by the researches of Riva® and Zoja‘, the former 
of whom has shown conclusively that the view put forward by his 
countryman Reale® that this pigment is identical with urdbilin is quite 
untenable. | 


The descriptions of uroerythrin contained in the text-books are so 
meagre, and the publication of Riva and Zoja’s results is so recent, 
that it is practically necessary before speaking of the results of my own 
observations to sum up briefly those arrived at by the observers whose 
names have been mentioned in the above sketch of the literature of the 
subject. 

‘The older ‘ath of extracting the pigment from urate sediments 
was by soaking them, after washing, in hot alcohol, but Riva describes a 
process of the efficacy and value of which I can speak from considerable 
experience, and which is briefly as follows:—The sediment is washed 
upon the filter-paper with ice-cold water, dried, and soaked in absolute 
alcohol ; the sediment is next dissolved in warm water and extracted 
with pure amylic alcohol, which at once takes up all the uroerythrin 


from the aqueous solution ; and after filtration a clear and concentrated 


solution in amylic alcohol is obtained. . 

Cold absolute alcohol dissolves isolated uroerythrin readily, but does 
not extract the pigment from urate sediments. (Riva.) 

Solutions of uroerythrin have a ruddy orange tint and when 
concentrated absorb the entire blue end of the spectrum, but more 
dilute solutions show an ill-defined absorption band, consisting of two 
darker portions united by shading. (MacMunn.) ~ 

Strong sulphuric and hydrochloric acids impart a pink colour to the 
solutions (Vogel, Berzelius, Heller); but acetic acid produces no 
immediate change. (Brett and Golding Bird.) 

1 Journal Chem. Soc, xut. 899. 1875. 
2 Proc. Royal Soc, xxxv. 899. 1883. - 
3 Gazetta Medica di Torino, xuim. pp. 1 and 928. 1892. 


4 Archivio Italiano di Clinica Medica, xxxm1. 63, 1893. 
5 Rivista Clinica e Terapeutica, 1891, 
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Caustic alkalies destroy the pigment and change its colour to green. 
The green colour is most intense when the solid pigment is acted upon. 
(Thudichum.) Not unfrequently a play of colours is observed when 
an alkali is added to the solution. (Riva.) Before the spectroscope the 
green solutions show no absorption bands. (Zoja.) pe 

Solutions of uroerythrin are very rapidly decolorized by actinic 
light, which however has little effect upon the solid pigment, and none 
at all upon pink urate sediments. (Riva and Zoja.) 

The pigment is precipitated from its solutions by salts of lead, 
barium, calcium and tin, yielding pink precipitates. (Heller, Berzelius, 
Riva, Zoja.) 

Solid uroerythrin leaves no ash on combustion, and gives off only a 
small quantity of ammonia when heated with caustic potash. (Berzelius, 
Heller.) 


The colours of urate sediments. Other pigments besides 
uroerythrin take part in the coloration of urate sediments, as is 
evidenced by the variety of tints which they exhibit, from pale yellow 
or fawn colour to brick red or pink. Sometimes the yellow pigment of 
urine (urochrome) appears to be the only colouring matter present, but 
even the pale sediments often show some tinge of pink when filtered 
off. The yellow pigment is not removed by washing as urobilin is, and 
by its admixture with uroerythrin the various shades of red are 
produced. In some instances the sediments contain and may even owe 
the chief part of their colour to a form of hematoporphyrin which I © 
have described elsewhere’, which shows, in addition to a faint shading 
in the blue, two conspicuous absorption bands closely resembling those 
of oxy-hemoglobin (Plate X, Fig. 6). 

The bile pigments and chrysophanic acid may also be met with in 
the urate sediments, and these also are not removed by washing. In 
selecting specimens suitable for the extraction of uroerythrin, those 
from the urine of patients who have recently taken rhubarb or senna 
should be discarded, on account of the chrysophanic acid which they 
contain ; and also such as are found to be rich in the form of hemato- 
porphivein above referred to. 

The spectrum of pink urate sediments. It has .been sug- 
gested by several observers that the uroerythrin contained in pink 
urate sediments is not free but in combination, and I am able to bring 


1 This Journal, xv. 116. 1893. 
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forward an additional piece of evidence which certainly seems to support 
this view, viz. that pink urate sediments constantly show a definite 
absorption band, which may be seen either when the deposit is 
examined upon the filter-paper by reflected light, or when the paper so 
coated is dried, oiled and examined by transmitted light. The band 
lies close to, and on the more refrangible side of the D line, extend- 
ing from 25890 to about » 5430 (Plate X, Fig. 1). Although the 
presence of this band is undoubtedly due to the uroerythrin which the 
_ sediments contain I have failed to see it either by looking through a 
layer of free solid uroerythrin deposited upon glass, or when the solid 
pigment, diluted with some inert white powder, was examined by 
reflected light. If however it be the case that the urate sediments 
contain a compound of uroerythrin it must be supposed that this 
compound is only formed at the moment of deposition, and ceases to 
exist when they are redissolved, for the spectroscope shows that both in 
the original urine, and in aqueous solutions of the pink deposits, the 
pigment exists in the free state. 

A new process for the extraction of uroerythrin from urate 
sediments. The following process, not hitherto described, although 
somewhat less simple than that of Riva, affords a satisfactory means of 
extracting uroerythrin from pink urates, and yields solutions of the 
pigment in ethylic alcohol, which are almost completely ae from 
pigmentary and other impurities. 

A specimen of pink urate sediment, collected from the total urine 
passed during several days by a patient who has not recently taken | 
either rhubarb or senna, is collected upon a filter, and whilst still moist 
is washed off the paper with a stream of cold water; more water is 
added according to the bulk of the sediment, and gentle warmth is 
applied until the urates are completely dissolved. The warm aqueous 
solution is next saturated with ammonium chloride, which proceeding 
has the effect, as Gowland Hopkins has shown, of causing the 
complete precipitation of the uric acid in the form of ammonium urate, 
aud upon this precipitate the whole of the dissolved uroerythrin is once 
more carried down. The precipitate, which is flocculent, is easily 
filtered off, and the filtrate, which has a yellow colour, usually shows a 
distinct urobilin band. The precipitate is next washed off the filter 
with a saturated aqueous solution of ammonium chloride, and the 
filtration and washing are repeated until the washings no longer have 
any yellow tint. The washed precipitate has a purer pink colour than 
the original sediment, but shows the same absorption band near D. 
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The moist filter-paper coated with pink urate is now transferred to a 
wide-mouthed bottle containing warm alcohol, and is allowed to soak 
for several hours in a warm place, protected from light. This precipitate 


gives up uroerythrin to alcohol much more freely than the natural sedi- 


ments do, and on filtering a more or less concentrated solution of the 
pigment is obtained. To the alcoholic solution there is now added at 
least twice its bulk of distilled water, and the liquid is shaken with 
chloroform, which, if enough water has been added, takes up no 
uroerythrin, but is rendered yellow by impurities which it removes. 
This preliminary washing should be repeated several times, the impure 
chloroform being separated off on each occasion. A fresh supply of 
chloroform is then added together with a single drop of acetic acid, and, 
on shaking, the uroerythrin will now be promptly and completely 
extracted, the supernatant liquid being left quite colourless. The 
chloroform solution of uroerythrin so obtained is separated off; shaken 
with distilled water; again separated, and allowed to evaporate slowly 
in @ warm place, protected from light. The solid residue which remains 
is readily dissolved by absolute alcohol. 


The very rapid decolorization of uroerythrin solutions by light, | 


which is brought about even by a few hours’ exposure to the full light 
of a winter's day in London, supplies a ready means of testing the 
freedom of the product from pigmentary impurities, and after such 
exposure the alcoholic solution obtained as above should be practically — 
colourless, exhibiting only a faint yellowish tint (doubtless : due to 
impurities still remaining) when examined by daylight, in depths of 
several centimetres. 

- In carrying out the above process certain precautions are necessary. 
If acetic acid is added to the original urine with a view to increasing 


the amount of sediment, the proper separation of the uroerythrin upon — 


the ammonium urate is interfered with, the pigment tending to be 
deposited apart from the urate. 

Again, the lowest temperature compatible with the complete 
solution of the original urate sediment in water should be employed, as 
otherwise the removal of the pigment by soaking in alcohol is apt to be 
seriously impaired. Even when this precaution is taken the removal by 
alcohol is in some instances less satisfactory than usual. 

Occasionally chloroform takes up uroerythrin even before the addi- 
tion of acetic acid to the aqueous-alcoholic solution, but when this is 
the case it is usually because not enough water has been added. Lastly, 
if the chloroform solution be evaporated upon the water bath, instead of 


PH. XVII. 29 


off 
4 
or 
= 
a 
+ 
a 
it 
WZ 


444 A. GARROD. 


being allowed to evaporate at a lower temperature, the solid residue 
of uroerythrin will be found to be scarcely, if at all, soluble in alcohol. 


A similar process may be employed for the direct extraction of 
urverythrin from urine in which it is abundantly present, but which 
throws down no urate sediment. The urine itself is saturated with 
ammonium chloride and the precipitate which forms is treated as above 
described. Under these conditions the resulting product is much less 
pure, being contaminated with pigmentary impurities (and especially 
with hematoporphyrin thrown down from the urine by saturation with 
ammonium chloride) which, when urate sediments are employed, pass 
away in the urine which is filtered off. _ 

Properties of solid uroerythrin. So intense is the colouring power 
of uroerythrin that even a considerable bulk of a concentrated solution 
yields but a very small amount of solid residue, and the total quantity 
of the pigment which can be obtained from a large quantity of urate 
sediment is quite minute. The solid pigment has a pink colour slightly 
different from that of pink urates, and its colour is only very gradually 
destroyed by light. As already mentioned it does not show the band 
near D of the urate sediments, but a less defined and more general 
absorption, Even when warmed it has little smell, and it emits no 
_ characteristic odour when burnt. It leaves no ash, and no trace of iron 
reaction can be obtained with hydrochloric acid and potassium 
~- sgulphocyanide after the combustion of such a quantity as 0005 

gramme. | 

When an alcoholic solution is allowed to. evaporate slowly at the 
temperature of the air the pigment is deposited: in minute spherical 
granules which show no trace of crystalline structure. 

The solubility of uroerythrin in various liquids is much affected by 
such conditions as temperature and acidity, and even those liquids 
which dissolve it best, do so much more readily in the presence of a 
trace of acid. Among the various known solvents amylic alcohol stands 
first as Riva states, but acetic ether is very little inferior in solvent power. 
Alcohol and chloroform may be placed next in order, and after these 
water. Ether also dissolves the pigment readily but as Riva points 
out the solution rapidly loses colour, even in the dark, and the 
uroerythrin tends to be deposited as an impalpable pink powder. 
When one of the above solvents is poured upon the solid pigment the 
change from the pink of the solid to the rich orange colour of the 
solution is very striking. 
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Properties of solutions of the pigment. Solutions of uroerythrin 
differ in colour according to their degree of concentration. When 
dilute they have a peculiar subdued pink tint, but when concentrated 
they assume a ruddy orange colour. In a clear glass bottle the contrast 
between the tints of the thinner and thicker layers of the liquid gives 
- to the solutions a peculiar and characteristic appearance. The pink 
tint is only well seen in the purest solutions, and is readily masked by 
even a very small amount of pigmentary impurity. Spectroscopic 
examination fully explains this double colouring, for whereas a very 
concentrated solution absorbs the whole of the more refrangible rays, 
the absorption ceasing somewhat abruptly at about » 5520; as dilution 
proceeds the more refrangible rays begin to penetrate, and some time 
before the pink stage is reached there appears the complex absorption 
band which was first described by MacMunn (Plate X. Fig. 2). 

The band, which is a broad one, consists of three distinct parts, two 
darker portions being joined by a shading of less intensity. The edges 
of the several parts are ill-defined and measurements are difficult to 
obtain, and necessarily only approximate. Even the darker portions 


never appear black, for before such a degree of intensity is reached, 


they become merged in the general absorption of the blue end of the 
spectrum. 

If thé solution shows a narrow band close to the D line, some 
two-banded hematoporphyrin is present as an impurity, its other 
band being hidden by that of uroerythrin. 

The following approximate measurements of the uroerythrin band, 
obtained from a pure solution in rectified spirit, agree as closely as 
can be expected with the figures given by Zoja (viz. 1. \550—A 525, 
2. r~510—A 484): 

1. 520. 
Shading. 
2. 481. 

The more refrangible of the two darker bands corresponds somewhat 
closely with that of urobilin, but as Riva has pointed out it cannot be 
due to contamination with that substance, since it disappears com- 
pletely when the liquid is decolorized by light. 

Pure alcoholic solutions are practically neutral in reaction, tending if 
anything towards acidity rather than towards alkalinity. This result is 
at variance with the observations of some early observers, who ascribed 
to the solutions highly acid properties. No fluores¢ence is visible even 
when the liquid is examined by the light from a Geissler’s tube. 
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Reactions of uroerythrin. From a chemical point of view 
uroerythrin is an extremely unsatisfactory substance. Its rapid 
destruction by light renders it difficult to work with, and the 
uncertainty of its behaviour under apparently similar conditions 1s 
calculated to make one cespair of getting any further with its 
investigation. Its most striking properties are its great affinity for 
uric acid and its compounds, and that of yielding a green colour with 
caustic alkalies. There are however certain remarkable colour re- 
actions of this pigment, especially with various acids, which must be 
briefly described, but they cannot be reckoned up as constant phe- 
nomena, although they are shown to be true reactions of uroerythrin by 
the fact that solutions which yield them cease to do so after their 
colour has been discharged by exposure to daylight for a few hours. 
These reactions seem to be only explicable on the hypothesis that 
uroerythrin tends to form a series of highly unstable compounds, which 
are decomposed by mere dilution of their solutions, but that under 
certain conditions these compounds fail to be formed, the pigment 
being instead straightway decomposed by the reagent employed. I 
have known the same solution of uroerythrin to yield the characteristic — 
colour reaction with one specimen of sulphuric acid and to fail to do 
so with another. It is doubtless owing to this uncertainty of the 
behaviour of the pigment, that whereas Vogel, Berzelius and Heller 
all alluded to the appearance of a pink colour on the addition of 
sulphuric or hydrochloric acid to a solution of uroerythrin, Riva and 
Zoja merely state that the pigment is destroyed by mineral acids. _ 

Colour reactions with acids. a. Sulphuric acid. On the ad- 
dition of strong sulphuric acid to a solution of uroerythrin a brilliant 
carmine tint appears, and on shaking with chloroform much of the 
carmine pigment is taken up by that solvent. The chloroform solution _ 
shows a dark absorption band near D, » 5860—A 5520 (Plate X. 
Fig. 3), similar to that of pink urate sediments, and a second fainter 
band in green is sometimes seen. On dilution with alcohol the original 
colour and spectrum of uroerythrin are again obtained. The carmine 
solution is rapidly decelorized by light, and there remains only a 
greenish yellow tint. When the reaction fails a similar greenish tint 
is at once produced on the addition of the acid. This reaction is no 
longer obtained after the uropeyentin solution has been decolorized by 
light. 

b. Hydrochlori¢ acid. Hydrochloric acid produces a rose-pink 
colour, and the liquid when concentrated shows a shading too ill-defined 
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for accurate measurement from about 16080—A5170. The pink 
product is readily taken up by chloroform, and after evaporation of the 
chloroform the residue dissolved in alcohol has the colour and spectrum 
of uroerythrin solutions. The pink colour rapidly disappears on 
exposure to light, and a greenish tint remains. The reaction is 
uncertain; it is not obtained with uroerythrin solutions which have 
been decolorized by light. 


c. Phosphoric acid. Phosphoric acid turns the colour of the 
solutions to a salmon pink, and the product is readily taken up by 
chloroform. On dilution the original colour and spectrum are restored. 
The spectrum of the pink solution resembles that of uroerythrin, but 
the complex band is nearer to the red, and the blue end of the spectrum 
is much less obscured (Plate X. Fig. 4). The parts of the band read 

as follows :— 


44:7 


1. 524. 
Shading. 
2. %515—A 489. 


The phosphoric product is less rapidly decolorized by light than the 
original uroerythrin. The reaction is not obtained with —— 
decolorized solutions. 

Action of alkalies. Alkalies have a much greater dentctiphive 
action upon uroerythrin than acids, but it is not improbable that the 
play of colours which is so frequently observed when caustic potash or 
soda is added to the solutions, and which Riva regards as affording 
evidence of the existence of more than one variety of the pigment, 
indicates the formation of compounds with the alkali which are rapidly 
destroyed, with the formation of the ultimate green product. This 
explanation receives support from the fact that in the earlier stages of 
the reaction immediate acidification with acetic acid restores the 
uroerythrin spectrum, but this is no longer the case when once ~ 

green stage is reached. 
_ _The-series of changes through pink, purple and blue to grass green 
occupies only a portion of a minute, but | have frequently watched the — 
process with the spectroscope, and have witnessed the appearance and 
rapid disappearance of well-defined absorption bands. At an early stage 
a band is seen from 4.672—A 6425; when the purple stage is reached 
two bands are seen resembling those of the indigo pigments, and the 
ultimate green product shows no bands, but absorbs the violet end of 
the spectrum to about » 4660 (Plate X. Fig. 5). Solutions of the 
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green product are decolorized by light but not so rapidly as those of the 
original pigment. 

There is a very remarkable colour reaction of uroerythrin-green 
which is by no means constant, and is difficult to obtain. If a small 
quantity of caustic soda be added to a solution of uroerythrin in amylic 
alcohol much of the green product leaves the amylic alcohol, which 
however retains a pure green tint. If now the amylic alcohol be 
evaporated off, and the residue be treated with strong sulphuric or 
hydrochloric acid in great excess, a carmine-coloured solution is obtained. 
With sulphuric acid a dark band is seen from » 5825—) 5490, with 
hydrochloric acid a band from 26080—A 5490. In either case the 
liquid turns green on dilution with alcohol, but again changes to 
carmine when a great excess of acid is added. From the carmine 
solution chloroform takes up the pigment but, being unable to take 
a sufficient excess of acid with it, assumes a green colour. 

Effects of oxidizing and reducing agents. Solutions of uro- 
erythrin are decolorized, even in the dark, by both oxidizing and 
reducing agents. With nitric acid the effect is immediate, but peroxide 
of hydrogen acts more slowly, its action being greatly aided by the 
temperature of the water bath. 

Among reducing agents that which has the most rapid effect is, as 
might be expected, nascent hydrogen produced by the action of hydro- 
chloric acid upon tin or zinc. : | 

Precipitation by metallic salts. It has long been known that 
uroerythrin is carried down upon the precipitates formed on the 
addition of lead acetate or of barium chloride to urine; and as Riva 
says, when a few drops of a solution of lead acetate are added to a 
solution of uroerythrin in amylic alcohol, obtained by shaking the pure 
alcohol with an aqueous solution of well-washed pink urates, there is 
formed, in the course of a few hours, a scanty precipitate of an intense 
pink colour. Riva speaks of the substance of which this precipitate is 
composed as “wroeritrina piombica,” and I gather that he regards it as 
a compound of the pigment with the metal. He adds that similar 
precipitates are obtained with salts of barium and of tin. 

My own observations, whilst they fully bear out Riva’s statement, 
have led me to think that we have here merely fresh examples of the 
tendency of uroerythrin to be carried down upon precipitates formed in 
its solutions, and not a true precipitation of the pigment in combina- 
tion with the metal. In the instance under consideration the deposit 
obtained undoubtedly consists of deeply pigmented insoluble urates, for 
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the amylic extracts prepared in the manner above described always 
contain some urate, as is easily seen by substituting an aqueous 
solution of snake’s urine for that of a pink urate sediment, when a 
precipitate of lead urate is obtained on adding a small quantity of lead 
acetate to the amylic alcohol. 

When a few drops of a solution of barium chloride are added to a 
solution of uroerythrin in absolute alcohol, prepared by the ammonium 
chloride process, the barium chloride separates out in crystalline form 
and takes some of the pigment with it, but if enough distilled water is 
added to redissolve this salt the solution remains clear, showing no 
turbidity and depositing no sediment. If a drop of a solution of 
colourless urate be now added a brilliantly pink precipitate will form. 

If equal quantities of an absolute alcoholic solution of uroerythrin, 
of the same solution completely decolorized by light, and of absolute 
alcohol alone be placed in three similar bottles, and if there be added 
to each equal quantities (three or four drops) of a saturated aqueous. 
solution of neutral lead acetate; the three specimens will all be ren- 
dered turbid ; the turbidity will gradually increase, and in time a scanty 
flocculent precipitate will fall. In the case of the pigmented solution 
this precipitate will have a deep pink colour, whereas the sediments 
in the other bottles will of course be colourless. The turbidity is not 
removed by the addition of distilled water. 


It will be seen from what has gone before that the results obtained 
from the investigation of uroerythrin during a period extending over 
nearly a century, although not devoid of interest in themselves, and 
sufficing to show that the pigment differs conspicuously in its nature 
and properties from the other colouring matters which exist as such in 
the urine, cannot be regarded as satisfactory; and this is readily 
explained by the extreme instability of the pigment, its ready de- 
composition by light, the uncertainty of its reactions, and the very 
minute quantities in which it is obtained. 

Clinical evidence points strongly to the liver as the probable seat of 
its formation, but no clue has yet been obtained indicating a relation to 
or derivation from the coluuring matters of the blood and bile. In 
some respects uroerythrin resembles some of the pigments obtained by 
the action of acids upon urine, but there does not appear to be any 
sufficient ground for accepting the statement of Bruno Mester’, for 


1 Zeitschrift f. physiol. Chemie, xu. 143. 1888. 
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which he gives no reasons, that it is a skatol pigment ; seeing that 


alike in colour, spectrum and reactions it differs widely from the — 


ordinary pigment which is developed on the addition of acids to urines 
rich in skatoxyl derivatives. 


[The expenses of this investigation were amongst those covered by a 
grant from the Government Grants Committee of the Royal Society. | 


PLATE X, 


' Fig. 1. The spectrum of pink urate sediments, as seen when a layer of 

the sediment upon oiled filter-paper is examined by transmitted light. 

Fig. 2. Spectrum of uroerythrin in solution in ethylic alcohol. 

Fig. 3. Spectrum of the carmine product obtained by adding sulphuric 
acid to a solution of uroerythrin. (In chloroform.) 

Fig. 4. Spectrum of the pink product obtained by adding phosphori 
acid to a solution of uroerythrin, (In alcoholic solution.) 

Fig. 5. Absorption of the green product formed by the action of sodium 
hydrate upon uroerythrin. 


Fig. 6. Spectrum of hematoporphyrin as it is obtained from urate 
sediments. On the addition of a mineral acid the oe spectrum of acid 
hematoporphyrin at once appears. 
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THE EFFECT OF SATURATING NORMAL URINE 
WITH CERTAIN NEUTRAL SALTS. By ARTHUR 
_ EDMUNDS. 


(From the Physiological Laboratory, King’s College, London.) 


NEUTRAL salts are now largely employed for the precipitation and — 
estimation of proteids. ‘This method has been extended to the exami- 
nation of the proteids in the urine in cases of albuminuria. It is 
therefore important to ascertain whether normal urine gives any 
_ precipitate when saturated with the salts in question. 

I have carried out this investigation under Professor Halliburton’s 
superintendence and have used human urine, and horse’s urine, For 
large supplies of the latter I am greatly indebted to Captain Fred 
Smith of the Army Veterinary Department, to whom I beg to offer 
my sincerest thanks for the help he has thus rendered to me. 

The salts I have used are the following: ammonium sulphate, 
magnesium sulphate, sodium chloride, and sodium sulphate. These 
salts were added to saturation. A simple method I used to ensure 
complete saturation was to suspend the salt in a muslin bag at the 
surface of the fluid, or more simply still to tie a piece of muslin loosely 
over the top of the beaker containing the fluid, letting it touch the 
surface of the fluid, and putting the salt on the muslin. As the fluid 
takes up the salt it becomes heavier, and sinks, setting ‘up currents and 
thus effectually mixing the whole. The excess of salt in the muslin 
bag is then easily removed. The urine after standing a few hours was 
always previously filtered to remove mucus. Of the salts mentioned, 
ammonium sulphate and magnesium sulphate alone produce precipi- 
tates in normal urine. It will therefore be convenient to divide the 
remainder of my paper into two parts, under the headings of these 
two salts. 


1, AMMONIUM SULPHATE. 


F. Gowland Hopkins’ has recently introduced a method for the 
complete separation of uric acid from urine by saturating the urine 


1 Journ. of Pathol. and Bacteriol. 1. 451, 1893. 
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with ammonium chloride. The acid comes down as ammonium urate. 
I was therefore not surprised to find that ammonium sulphate causes a 
precipitate, and that this precipitate consists of ammonium urate also. 
The precipitate comes down rather slowly, and precipitation is not 
complete for several days. Ammonium sulphate is not therefore to be 
recommended as a precipitant of uric acid, since ammonium chloride 
produces a complete precipitation in an hour or two. The precipitate 
like the ordinary lateritious precipitate is amorphous and is tinged with 
a pinkish pigment. It readily dissolves in potash, from which the acid 
can be precipitated in a crystalline form by the addition of hydrochloric 
acid. The crystals are pigmented, and especially deeply if horse’s urine 
is used; otherwise the same result was obtained in horse’s as in human 
urine. Half saturation of the urine with ammonium sulphate by adding 
to the urine an equal bulk of a saturated solution of the salt, produces 
no precipitate. 

I did not find any other organic substance in the precipitate but 
uric acid; control experiments showed that saturation of solutions of 
urea, creatine, creatinine, xanthine, hypoxanthine, and hippuric acid 
with ammonium sulphate produced no precipitate. The precipitate, 
however, contains a small amount of an inorganic substance, namely, 
calcium sulphate. | 


2. MAGNESIUM SULPHATE. 


The fact that saturating normal urine with magnesium sulphate 
produces a precipitate was discovered by Captain Fred Smith. He 
communicated this privately to Professor Halliburton some years 
ago, who embodied it in his Teat-book of Chemical Physiology and 
Pathology’. Captain Smith originally made the observation in regard 
to horse’s urine; he did not however ascertain the nature of the 
precipitate, except that he found it was not proteid in nature. 

My own experiments have confirmed this statement. Human urine 
gives a similar precipitate, but it is not so abundant; indeed it is 
necessary to use many litres of human urine in order to obtain a 
quantity of precipitate sufficient to work with. The precipitate comes 
down more rapidly if the urine is kept warm, about 30°—40° C. 

The nature of the precipitate is not quite the same in the two — 
cases; hence it will be necessary to consider them separately. 

a. Human Urine. The precipitate is not produced unless the 
urine is saturated with magnesium sulphate; it is scanty in amount, 

1p. 783 footnote. 
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amorphous in structure, and of a dirty white colour, even after pro- 
longed washing with distilled water to free it from residues of urine 
and magnesium sulphate. It contains no uric acid, and is insoluble 
in alkalis, It is soluble in acids, dilute acetic being usually employed. 
Search for numerous other organic substances led to a negative result, 

and in control experiments saturation of solutions of urea, uric acid, 
hippuric acid, creatine, creatinine, xanthine, and hypoxanthine with 
magnesium sulphate produced no precipitate. 

Absolute alcohol acidulated with hydrochloric acid extracts the 
pigment from the material, and the absorption spectrum of this 
solution is that of urobilin. | 

By far the greater amount of the precipitate is, however, inorganic 
in nature. On platinum foil it chars very slightly. 

The general appearance of the precipitate reminds one very much of 
an amorphous deposit of phosphates in urine. 

I next found that saturating an aqueous solution of calcium slice 
phate, or of acid calcium phosphate (which is more soluble in water) 
with magnesium sulphate, causes a precipitate, and on filtering this off 
the liquid is free from calcium. The precipitate exactly resembles that 
obtained by saturating human urine with magnesium sulphate. 

Urine before saturation with the salt gives the usual tests for 
calcium ; after saturation and filtration it does not. The precipitate 
dissolved in acetic or nitric acid gives the tests for calcium, magnesium, 
sulphuric acid, and phosphoric acid. These are probably combined 
as the two insoluble salts, calcium sulphate and magnesium phosphate. 

b. Horse's Urine. The urine when it reached me a day after it 
had been passed was always turbid and viscous, sometimes even 
treacly in consistence. It filters slowly, and the filtered urine is thus 
freed from mucus and some suspended phosphates and carbonates. It 
is alkaline in reaction, and is much more deeply pigmented than human 
urine. On saturating it with magnesium sulphate, the precipitate is 
very abundant. The precipitate that comes down in the freshly filtered 
urine is almost quite white, but a day or two later as the urine darkens 
still more on exposure to the air, the precipitate obtained is tinged 
with pigment which was found to be urobilin. The bulk of the 
precipitate is however inorganic, consisting of calcium sulphate and 
magnesium phosphate; but the amount of phosphate is extremely 
small. Indeed horse’s urine (as Captain Smith pointed out to Pro- 
fessor Halliburton in conversation) is remarkably poor in phosphates. 
This I confirmed quantitatively; a sample consisting of the mixed 
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urine of several horses contained before filtering 0°028 grammes of 
phosphoric anhydride (P,O,) per 100 c.c. ; after filtration 0°019. This is 
about one-tenth of the amount usually found in human urine. 

A large amount of the precipitate produced by saturating horse's 
urine with magnesium sulphate consists of magnesium carbonate. 
Before saturation the urine effervesces freely on adding such an acid as 
hydrochloric acid; after saturation it does not; that property is then 
possessed by the precipitate. i 

c. Oats Urine. I have only made a few experiments with this 
urine ; the precipitate with magnesium sulphate resembles that pro- 
duced in human urine, but is more abundant. _ 


The foregoing experiments show :— 


1. That saturation of horse’s or human urine with ammonium 
sulphate causes a precipitation of ammonium urate. 

2. That saturation of human urine with magnesium sulphate also 
causes a precipitate, which is tinged with urobilin, but is chiefly inorganic 
in nature, consisting of calcium sulphate and magnesium phosphate. 

3. With horse’s urine, the precipitate produced by saturation with 
magnesium sulphate is more abundant, and differs from that obtained 
from human urine in containing very little phosphate, but abundance of 
carbonate of magnesium. 

4. The mere appearance of a precipitate on saturating urine with 
these salts does not therefore indicate the presence of proteid, and may 
constitute a source of error in the quantitative estimation of the varie- 
ties of proteid (albumin and globulin) present in cases of albuminuria. 
In this country Dr Noel Paton is the observer who has chiefly 
employed these salts in the investigation of albuminuria. His latest 
method? however does not introduce this error; the total proteid is 
estimated by weighing the heat coagulum: another specimen is half 
saturated with ammonium sulphate to precipitate globulin; the albumin 
is estimated by weighing the heat coagulum in the filtrate; and the 
- amount of globulin is obtained by difference. Half saturation of normal 
urine by ammonium sulphate causes no precipitate in normal urine. 

5. Saturation of normal urine with sodium chloride or sodium 
sulphate produces no precipitate. 


? See paper by F. D. Boyd, Laboratory Reports, R. C. P. Edinburgh, v. p. 79. 1894. _ 
15 March, 1895. 
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THE PATH OF THE RESPIRATORY IMPULSE FROM 
THE BULB TO THE PHRENIC NUCLEI. By W. T. 
PORTER. (Eleven Figures in Text.) 


(From the Laboratory of Physiology in the Harvard Medical 
School, Boston, Mass.) 


THE method which I have adopted in this search for the path of the 
respiratory impulse from the bulb to the phrenic nuclei consists in 
observing the diaphragm after a part of the cervical cord is cut or 
burned. If the contractions of the diaphragm continue, or cease for a 
short time only, the part destroyed does not include the paths of the 
. respiratory impulse : if the contractions cease, not to return, the respira- 
tory paths have been interrupted. 

The use of this simple method of research is open to attack by those 
who believe that the respiratory muscle centres in the spinal cord can 
originate respiratory impulses. It is clear that if the phrenic nuclei 
were themselves respiratory centres, the contractions of the diaphragm 
would either continue after the section of the cord or suffer a merely 
temporary interruption from the shock of the operation. In this case, 
the method could give no information concerning the path between the 
phrenic nuclei and the bulb. 

The method is further exposed to the criticism of those who hold 
that a section of the spinal cord above the phrenic nuclei is followed by 
_long-continued inhibition of the respiration of the trunk. It is evident 
that this doctrine of long inhibition of respiration following injuries of 
the cord could be used to explain the very standstill of the diaphragm 
that would prove an interruption of the respiratory paths, were this 
doctrine false. 

Thus the first step in this enquiry should be an examination of the 
doctrines of respiratory centres in the spinal cord and of long respiratory 
inhibition. If these are true, the method just described cannot be 
used, 
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I. 
The doctrine of respiratory centres in the spinal cord. 


The doctrine of spinal respiration was originated by Brown- 
Séquard’, but owes its present form chiefly to Langendorff” and 
Wertheimer™, These authors observed that the respiratory muscles 
of the trunk could sometimes be made to contract after the separation 
of the cord from the bulb, in animals poisoned with strychnine, arti- 
ficially cooled, or subjected to prolonged artificial respiration. They 
declare that such contractions show the power of the spinal cord to 
originate respiratory impulses. | 

The opponents of this hypothesis have attempted to show that 
Langendorff and Wertheimer’s results are in part due to errors of 
observation. It has been pointed out that the diaphragm has often 
been observed in rhythmical movements not to be attributed to the 
discharge of respiratory impulses by the bulb or cord; that irregular 
contractions have been seen in the diaphragm after its isolation from 
the cord by the section of the phrenic nerves; and that rhythmical 
contractions of this muscle have occurred from the stimulation of the 
phrenic nerve by the current of action of the contracting heart. To 
these sources of error I would add one previously undescribed, namely, 
the changes of intrathoracic pressure caused by the contractions of the 
trapezius and sterno-cleido-mastoideus muscles. The following experi- 
inent is an example. 


Exp. XXV., March 3, 1894. A full-grown dog of middle size received an 
hypodermatic injection of 0°15 grammes of morphia sulphate and was tracheo- 
tomized, the tracheal cannula being connected with a T tube in such a way 
that the dog could be made to breathe either free air or the air of a large 
bottle. Variations of the air-pressure in this bottle were recorded on a 
Baltzer kymographion by a Marey tambour. The spinal cord was now 
severed at the 6th cervical vertebra and again close behind the Ist cervical 
nerve. Artificial respiration was immediately begun. At intervals the 
artificial respiration was interrupted, The lever of the tambour then wrote 
bold curves, some of which are reproduced in Fig. 1. At the same moment, 
strong rhythmical contractions of the trapezius and sterno-cleido-mastoideus 
muscles were seen. The closest inspection gave no sign of a contraction of 
the diaphragm. The same phenomenon was repeated whenever the artificial 
respiration was interrupted. The movements of the head did not cause any 
external pressure on the rubber tambour-tubes. Two complete sections of the 
cord were found post-mortem. 
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Fie. 1, Oscillations in intra-thoracic pressure caused by contractions of the trapezius 
and sterno-cleido-mastoideus muscles. The curve reads from left to right. 


Similar contractions were noted in two other dogs. In one of these, 
the diaphragm was exposed and seen to be passive*. 

Intra-thoracic pressure curves form the bulk of the evidence for 
spinal respiration ; it is probable that some of these curves were written 
wholly or in part by the contractions of the sterno-cleido-mastoideus 
and trapezius muscles. 

The effort to put aside the results of Langendorff and Wertheimer 
as errors of observation has had however but slight success. The con- 
troversy to-day is over the interpretation of the contractions seen by 
them. It is urged on the one hand that the contractions in question 
are automatic and therefore respiratory, and on the other hand that 
they are reflex and for this reason not respiratory. The adherents of 
the latter view insist that the reflex irritability of the cord is increased 
by the procedures employed in the experiments we are discussing, by 
strychnine, cooling, heating, or section, or is naturally present in high 
degree, as in the new-born, and that under these circumstances peri- 
pheral stimuli of very different kinds are able reflexly to set up rhythmic 
discharges from spinal motor cells. This attempt to decide the vexed 
question of spinal respiration by debating the reflex or automatic origin 
of the contractions has borne little fruit. In this form, the problem is 
not ripe for discussion. Not until the automatism of respiration is 
established beyond question will it be possible to say that reflex con- 
tractions of respiratory muscles are not proof of spinal respiration. 


* Sir Charles Bell? relates the case of a man in whom respiration was carried on 
Se the muscles of the neck and shoulders (pp. 
88 and 201). | 
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It is probable that the controversy over the reflex or automatic 
origin of the contractions would long ago have been subordinated to the 
problem Whether normal diaphragmatic breathing can be carried on 
by the spinal cord alone, had not every attempt in this direction been 
met by a skilful use of the inhibition hypothesis and the hypothesis that 
the bulb regulates the discharge of the respiratory impulses originated 
by the spinal cord. , 

In the past fifteen years, eleven observers have made a special study 
of the respiratory movements following the separation of the cord from 
the bulb, and nine* of these have found no movements resembling those 
of normal respiration. My own experiments have led me to the same 
conclusion. I have separated the cord from the bulb in eight rabbits 
and six dogs, all fully grown. In many of these, the conditions were 
especially favourable to the preservation or the return of spinal respira- 
tion, the sections being carefully made with a sharp knife, and artificial 
respiration kept up along time with warm air. The animals were all 
very lightly narcotized. The rabbits were wrapped in cotton wool. 
The movements observed were dyspneic and highly irregular. In 
rabbits, they were without exception very weak. Considerable oscilla- 
tions of intra-thoracic pressure were sometimes noticed in dogs; these 
were caused, in large part, by the contractions of the neck muscles, 
already mentioned. In one case, however, contractions were seen in 
the exposed diaphragm after the complete section of the cord. In no 
case were contractions resembling those of normal respiration seen. 

Langendorff and Wertheimer have one unvarying answer to all 
such experiments: namely, every animal showing contractions of the 
diaphragm after section of the cord is proof of the respiratory powers of 
the cord; every animal in which these movements do not appear is 
proof of the long inhibition of respiration caused by section of the cord ; 
the irregularity of the contractions after the separation of the bulb is 
due to the loss of the regulating influence of the bulb. It should be 
especially noticed that the hypothesis of long inhibition of respiration is 
the key of Langendorff and Wertheimer’s position. The move- 
ments of the chest and abdomen occasionally seen after section of the 
cord could have no value against the uniformly fatal result of the opera- 


tion were not the arrest of respiration seemingly explained by inhibition. 


I shall show in this paper that long inhibition of respiration from 
section of the upper cervical cord does not exist. 


* Fredericq®, Kronecker”, Marckwald®, Grossmann™, Laborde™, Gi- 
rard™, Gad and Marinescu™, Arnheim’, 


H 
if 
i 
| 
| 
f 
i 
fi 
4 
if 
" 
it 
iff 
if 
it 
ti 
a 


PATH OF RESPIRATORY IMPULSES. 459 


' This refuge being taken away, the doctrine of spinal respiration 
requires no further consideration. The section of the cord near the 
bulb is without exception a fatal blow to the respiration of the chest. 
If this is not due to the inhibition of the supposed respiratory centres 
of the cord, it must be due to the interruption of the respiratory 
impulse between the bulb and the nuclei of the thoracic respiratory 
nerves. | 


Il. 


The doctrine of long inhibition of thoracic respiration in 
consequence of section of the spinal cord between the 
bulb and the phrenic nuclei. 


The hypothesis of long inhibition of respiration in consequence of | 


section of the cord between the bulb and the phrenic nuclei was devised _ 


by Brown-Séquard to explain the arrest of diaphragmatic respiration 
which always follows the separation of the phrenic centres from the 
bulb. The injury of certain parts of the central nervous system, he 
taught, can cause an inhibition of the heart or an inhibition of respi- 
ration. It is to the latter, and not to the destruction of the respiratory 
centre, or the interruption of the path between it and the phrenic 
nuclei, that. the arrest of the diaphragm is due. 3 

It will be easy to show that such inhibition does not exist. 

The experiments in which the cord has been separated from the 
bulb fall into two groups, the first comprising those in which the section 
was made so near the respiratory centre that a mechanical injury of its 
cells was unavoidable, the second, those in which the section was skilfully 
made at such a distance from the centre that a mechanical i injury of its 
cells can be excluded. 

With the first group, we have nothing todo. The mechanical i injury 
of a group of cells is the more or less complete disruption of a delicate 
mechanism, and disruption is not inhibition. We have left for con- 
sideration the cases in which the mechanical injury of the centre can be 
excluded. 

‘We shall prove from this material (1) that when care and skill are 
used, extensive cuttings or burnings of the bulb are possible with no or 
at most a very brief arrest of respiration, although these procedures 
evidently cause great stimulation of afferent fibres; (2) that the same 
operations can be carried on in the neighbourhood of the phrenic nuclei 
without arresting the respiration; (3) that hemisections made some 
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distance from both bulbar and phrenic centres, for example near the 
second cervical nerve, sometimes cause no arrest of respiration on either 
side; and (4) that hemisections of the cord above the phrenic nuclei do 
not inhibit, although they may arrest, the respiration on the side of the — 
hemisection. 


If care and skill are used, extensive cuttings or burnings of the bulb 
are possible with no or at most a very brief arrest of the resprration. 


Brown-Séquard‘ mentions three rabbits and a dog from which the 
neeud vital was removed without arresting the respiration ; one of these 
lived an hour and a half, another more than seven days ; from the latter 
the entire V and a part of the neighbouring white substance was 
pe (p. 225 et seq.). 

~“Gierke™ destroyed the greater part of the point of the calamus 
posteriorly without seeing any influence on the breathing (p. 588). He 
succeeded with a curved needle in extirpating both alae cinereae, and 
still the animal continued to breathe; it even lived several days 
after the operation (p. 589). 

Langendorff found, as Longet, Volkmann and others had done, 


that the respiratory movements of the diaphragm continue after division 


of the bulb in the median line (p. 78). 

Marckwald™, speaking of the respiration after the division of the 
medulla above the respiratory centre, says: If the rabbit’s bulb is cut 
completely through transversely close beneath the striae acusticae of the — 
fourth ventricle, and a considerable haemorrhage is avoided, the respira- 
tion remains wholly like the normal, and the animal continues to live 
several days (p. 193). 

Nickell” severed the left half of the bulb, causing an arrest of 
respiration. After fifteen minutes’ artificial respiration, spontaneous 
breathing was found to have returned. Nickell now passed a blunt 
hook into the wound, in order to make sure that the section was 
complete. The injury thus produced caused the disappearance of all the 
reflexes on the left side of the face. The respiration was not affected 
(p. 20). 
The shock observed by Girard” in his operations on the bulb has 
always been slight and of short duration (p. 42). 

The very small hot glass beads, which Gad” and Marinescu laid 
on the surface of the ventricle, burned away the areas designated by 
Flourens, Longet, Schiff, Gierke, Mislawsky and Holm as the 
seat of the respiratory centre, without causing the respiration to stop. 
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Many such experiments could be cited, were it necessary. I will 
add three of my own. | 


Exp. I, Dec. 19, 1893, The fourth ventricle was laid bare in a large, 
lightly shlccations rabbit, and the floor on the left side of the median line 
burned away with small, hot glass beads. The respirations continued on both 
sides in spite of repeated cauterizations. Occasionally, the burning was 
followed by the dropping of two or three respirations—not more. 

Kup. II., Dec. 15, 1893. Most of the left side of the floor of the fourth — a 
ventricle of a rabbit lightly chloralized (not over 0:1 g.) was burned away, —— 
together with some of the right side. Respiration continued on both sides of | 

. the chest. 

Exp. V., January 3, 1894. A full-grown rabbit was injected with 0:1 g. 
chloral. After the removal of the greater part of the large hemispheres by 
section, and the repeated stimulation of the anterior corpora quadrigemina and 
the optic thalami, the left half of the medulla was cut through at the point of 
the calamus scriptorius, and a blunt needle passed through the wound, to 
make sure that the part was really severed. Only a few respirations fell out. 


_ Similar operations can be carried on in the neighbourhood of the 
phrenic nuclei without arresting the respiration. 
Paul Bert, in 1870, made a longitudinal section of the aie from 
_ near the bulb to the 4th pair of cervical nerves. The respiration con- 
tinued without interruption. : 
Nitschmann®, working in Langendorff” s laboratory, succeeded bet = 
~ in splitting in the median plane the entire cervical cord of cats six to” = 4% 
ten weeks old. The animals continued to breathe after the section. | 
Hénocque and Elo y™ have made similar observations. 
The following is also an instance : 


Exp. LVII., May 14, 1894. A full-grown rabbit was etherized, and the 
spinal cord split along the median line from near the 4th cervical to the Ist 
dorsal vertebra. Thoracic respiration stopped. Artificial respiration was 
begun, and continued five minutes. On pausing then to test the breathing, the 
thoracic respiration was found to have returned in full force. The artificial 
respiration was no longer necessary. 

The phrenic centres of one side can be destroyed without arresting 
the action of the centres of the other side, an experiment of importance, 
for the destruction of the one discharges into the other a strong stimulus 
at short range. . 3 

Exp. LIX., May 23, 1894. A strong, full-grown dog was given 0°9 g. 
morphia sulphate hypodermatically and etherized until quiet. The spinal cord 
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was exposed from the 3rd to the 7th cervical vertebra, and incised near the 
_ middle line. The section was made a little to the left of the middle line in 
order to separate the left phrenic centres from the right without injury to the 
latter. The respiration ceased on the left side, but continued on the right. 
The autopsy showed that the section was 46 mm. long and through the entire 
thickness of the cord, 


The experiments thus far related show that extensive injuries very 
near the respiratory cells may not stop the respiration, although these 
injuries probably pour into the respiratory cells many strong afferent 
impulses, | 

Against an argument of this kind, it can be said that only injury of 
the respiratory fibres themselves can inhibit the respiration. The truth 

of this idea will now be tested. 


Hemisections carefully made at a sufficient distance from both bulbar 
and phrenic centres frequently cause no arrest of respiration on either 
Brown-Séquard*, in 1869, stated that section of one lateral half 
of the spinal cord between the first and the fourth cervical vertebra 
sometimes fails to stop thoracic respiration on either side (p. 299). 
Vulpian, in his Legons sur la physiologie, had made the 
same observation. 

Paul Bert*® made a hemisection at the first and at ‘the second pair 
of cervical nerves; the diaphragm continued to contract on both sides; 
the exposed inact was directly observed (p. 348). 

Knoll, in his work of 1885, never observed complete arrest of 
respiration following hemisection of the cord, although the section was 
made at the calamus scriptorius; in 1888, similar sections in nineteen 
rabbits confirmed his first results”. 

Langendorff* writes in 1893: “I, for my part, according to all 
that former observations and more recent experience have taught me, 
hold that after many cases of hemisection of the bulb, the respiration 
is permanently arrested on one side, but that in others, such an arrest 
either fails altogether, or, if present at the beginning, is not permanent” 
(p. 400). 

The frequent failure of hemisection to stop thoracic respiration on 
the same side is thus an acknowledged fact. It is interesting to see 
how often this failure occurs. I have collected from the publications of 
Bert, Schiff, Brown-Séquard, Langendorff, Marckwald, Nickel, 

Knoll and Girard one hundred and nine cases of hemisection, including 
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every case that was recorded with sufficient fulness to make it available 
for statistical purposes*. To these I have added twenty-nine hemi- 
sections of my own, making a total of one hundred and thirty-eight. 
They may be arranged as follows: 


Hemisection caused 


: No. of cases. 
(1) No arrest of thoracic respiration on either side 45 
(2) Temporary arrest on both sides, followed by re- 
| spiration on both sides 4 
(3) Temporary arrest on the side of the tion. 
followed by respiration on both sides 20 


(4) Arrest on the side of the hemisection throughout 
the period of observation ; no arrest on the uncut 
side 47 
(5) Arrest on the side of the hemisection throughout 
the period of observation ; temporary arrest on 
the uncut side 4 
(6) Arrest on the side of the hemisection ; breathing 
_ returns on cutting the nerve of the opposite side . 18 


Total 138 


It is seen that breathing continued on both sides after hemisection 
in 45 of 138 cases, or 33 p.c. Most of the experiments in this group 
were made by Knoll. I have not been as fortunate as he in observing 
bilateral respiration after hemisection, for but 2 of my 29 cases, or 7 p.c., 
belong to this group. The difficulty of deciding whether movements of 
one half of the diaphragm are active or passive is probably the reason 
of the difference. This difficulty is so great indeed that the method 
of statistical analysis must here be used with unusual caution. It is 
at least certain that the failure to arrest is a frequent ccc denembal : 
further than this we need not go. 


* The experiments of Group (1) can be found in the following places: Bert*, page 
848; Knoll}, 882; Nickell”, 28, 29; Knoll?*, 165; Brown-Séquard’, 121, 124, 127, 
129; Langendorff*, 402, 403, 405. Group (2): Nickell”, 20; Brown-Séquard’, 
123; Langendorff™, 404; Girard", 97. Group (8): Langendorff™, 291, 292, 293 ; 
Nickell*®, 17, 19, 28, 31; Brown-Séquard’, 130; Girard", 69, 71, 93, 94, 95, 96, 98, 
100, 104, Group (4): Bert*, 848; Schiff*, 225; Langendorff™, 85, 86; Marck- 
wald™, 71; Nickell”, 19, 21, 30; Girard, 68, 69, 72 to 82, 87, 88, 102, 103, 104. 
Group (5): Nickell*’, 25, 26; Girard, 82; 404. Group (6): 
Girard’, 74, 92, 98, 
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_Hemisections of the cord above the phrenic nuclei do not inhibit, 
although they may arrest the respiration on the side of the hemisection. 

The greater number of hemisections above the phrenic nuclei cause 
the instant arrest of the contractions of the diaphragm on the side of the 
section. After a longer or shorter time, respiration may return on that 
side, becoming again bilateral. The advocates of spinal respiration 
believe that the respiration stops because the phrenic nuclei on the 
cut side are inhibited, and that it returns because these same nuclei 
have recovered from the shock of the operation and have resumed 
their discharge of respiratory impulses. These views are certainly 
incorrect. The phrenic nuclei on the cut side are not inhibited. On the 
contrary, they remain completely functional, for they begin again to send 
out normal impulses the moment the phrenic nerve of the opposite, | 
uninjured side is cut. The following experiments establish this fact. — 


Exp. LI., May 3, 1894. At 10.30a.m., a middle-sized, full-grown dog 
received g. morphia sulphate subcutaneously, MHalf-an-hour later, the 
left half of the spinal cord was severed at the 2nd cervical vertebra. The dog, 
being loosed, showed a paralysis on the left side behind the plane of the 
section. The thoracic breathing appeared to be limited to the right side. The 
animal was placed in a warm, quiet room upon his left side. 

At 4.30 the dog was bound again, and the abdomen opened. The exposed 
diaphragm was distinctly seen to be contracting on the right side only. On 
cutting the right phrenic nerve just above the first rib, the right side of the 
diaphragm ceased to contract, while the left side, which had hitherto been 
passive, contracted. strongly. The left phrenic nerve was now cut through. 
Both sides of the diaphragm were then passive, while the intercostal muscles 
showed strong contractions. The dog was killed. A complete hemisection 
was found at the autopsy. 


Exp. LXI., Nov, 8, 1894. The right half of the spinal cord of a full. 
grown rabbit was severed at the 3rd cervical vertebra. The. contractions of 
the diaphragm were now left-sided. They were recorded by a lever attached 
to the ensiform cartilage, which had been freed from its connection with the 
sternum without injury to the anterior muscular slips of the diaphragm. 
(Method of Head, This Journal, x. 3, 1889.) 

While the left-sided contractions of the diaphragm were writing a sender 
curve, the left phrenic nerve was cut through. The left-sided respiration was 
replaced by right-sided without a moment’s interruption. The scissors cutting 
the nerve made an electrical contact when their blades closed, marking the 


instant of section on the smoked paper by means of an electro-magnet. 


_ Artificial respiration was begun, in order to determine if the crossed — 
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respiration was present only during dyspnea. This was seen not to be the 
case. The crossed respiration continued during the artificial respiration, the 
right side of the diaphragm making sixty-four contractions in a minute, while 
the artificial respiration was made fifteen times a minute, each blast distending 
the lungs thoroughly. 

The autopsy showed a complete hemisection on the right side. The 
phrenic nerve was found cut through near the first rib: 

Exp. LXVI., Nov. 20,1894. A full-grown rabbit was lightly narcotized 
with ether. The left phrenic nerve was seized near the first rib and torn out 
of the chest. While the thoracic respiration, now confined to the right side, 
was being registered by means of a respiration flask and Marey tambour, the 
right half of the spinal cord was severed at the 2nd cervical vertebra. An 
assistant marked the moment of section on the smoked paper. The dia- 
phragmatic respiration continued without the slightest interruption. (Fig. 2.) 

_ A complete hemisection was found post mortem. The phrenic nerve had 
broken near the auricle. 


I have made such experiments on thirteen rabbits and one dog, and 
the result has been always the same. The phrenic cells were never 
inhibited by the section. They were merely inactive. They always 
began to send out impulses as soon as the phrenic nerve of - opposite. 
side was cut. 

The experiments just described prove that hemisections 
of the spinal cord above the phrenic nuclei do not inhibit 
the diaphragm on the same side. It follows therefrom, that 
two hemisections, altogether separating the phrenic nuclei 
from the bulb, do not inhibit the diaphragm on their 
respective sides. In other words, the arrest of thoracic 
breathing in consequence of the separation of the phrenic 
nuclei from the bulb is not an inhibition. There remains | 
then but one explanation of the arrest. The phrenic centres 
as a rule discharge no respiratory impulses after their 
separation from the bulb because they receive no impulses 
and cannot originate them. Hence the cells for the dis- 
charge of respiratory impulses are situated above the cala- 
mus scriptorius and not in the spinal cord. 

This new and, as I believe, conclusive proof of the fallacy of the 
inhibition hypothesis, and the consequent fall of the hypothesis of 
automatic spinal centres built upon inhibition, removes every objection 
to the use of the method of searching for respiratory paths described at 
the beginning of this communication, 
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IIL. 


The path of the respiratory impulse from the 
bulb to the phrenic nuclei. 


~ 


The respiratory impulse descends in the lateral columns. 


It was Schiff™ who first demonstrated that the respiratory impulse 
descends in the lateral columns of the cord* (p. 307). In a series of 
dogs and rabbits, he cut the lateral column on one side with little or no 
injury to adjacent parts and observed that the diaphragm — 
only on the uninjured side. 

Schiff’s conclusion was attacked by Seven: Séquard® and Vul- 
pian. These authors observed bilateral contractions of the diaphragm 
after dividing the lateral tract on one side. They, however, erred in 
the conclusion which they drew from these experiments. Unaware 
that the respiratory impulse can cross from one to the other side of the 
cord, they failed to perceive that their observations in no way disproved 
the assertions of Schiff. 

Gad and Marinescu”™ confirmed Schiff’s results. They considered 
the path in question completely interrupted when the respiration on 
the cut side stopped for an hour, the animal being kept alive by the 
respiration of his uninjured side. Their observations were made in 
part upon the exposed diaphragm, as Schiff’s had been. 

My own experiments lead to the same result. 


Exp. XXIII., Feb. 27, 1894. An attempt was made to isolate the shivente 
centres from afferent impulses, A strong dog of middle size was narcotized 
with morphia, The cervical cord was exposed in its entire length. The cord 
was then severed at the 6th cervical vertebra and the posterior roots of the 
cervical nerves cut. 

A second section was now made at the Ist cervical vertebra, and a blunt 
needle was passed into the wound and moved from side to side until the cord 
seemed thoroughly divided; but the dog continued to breathe, somewhat 
feebly. A respiratory curve (respiration flask and Marey tambour) was 

immediately taken ; after artificial respiration for twenty minutes, a second 
curve was written, and is here reproduced. 

At the autopsy it was found that the section at the first vertebra was 

* A careful reading of Charles Bell’s work will show his statement that the respira- 


tory impulse descends in the lateral tracts to be a conjecture based on erroneous premises 
(see Bell?, p. 22), 
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complete, excepting a part of the lateral column on one side. Respiration had 
been carried on through this bridge. © 


| 


Fie. 8. 


Curve of respiratory changes in intrathoracic pressure after transverse section of the 
cord, complete excepting a portion of one lateral tract (Exp. XXIII). Artificial respiration 
eee The curve reads from left to 
right. 

Exp. XXXVIII., March 22, 1894. A rabbit’ was given 0°12 
gramme chloral hydrate. At 1la.m. the right half of the spinal cord was 
severed at the 2nd cervical vertebra. Respiration continued unchanged. The 
knife was now introduced close behind the calamus scriptorius, and the left 
| half of the cord severed to about 1 mm. from the lateral surface. The point 
| of the knife passed through the anterior dura. Blood followed the knife as it 
{| was drawn out, The thoracic respiration suddenly ceased. Artificial respira- 
tion with warmed and moistened air was begun, and continued fifteen minutes. 
Hf, The rabbit now breathed strongly. 
At 11.35.a.m., the second section was completed, the knife being 
Hi into the old wound and carried outwards to the lateral surface of the cord. 
Hf The respiration stopped again ; this time finally. After twenty-five minutes’ 
artificial respiration without ~ return of spontaneous breathing, the animal 
was killed. 

| second cervical vertebra. Near the calamus was a second complete section. 


i The latter was composed of two parts: the inner extended from the median 7 
fissure to the lateral column ; the outer, from this potas, to the surface of the | 

cord. 

4] The thoracic respiration of this animal had been carried on n through one 

tt lateral column. 


Other experiments sould be added, but they seem unnecessary. 
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The respiratory impulse descending the lateral column from the 
~ bulb can reach the phrenic nuclei of the opposite side, 

In 1869, Brown- Séquard® wrote as follows: “Some years ago, I 
found, contrary to the opinion of M. Schiff, that section of one of the 
lateral tracts of the spinal cord, between the first and the fourth cervical 
vertebra, did not stop the respiration on the side of the operation. I 
_ found also that sometimes section of an entire lateral half of the spinal 
cord, at the height mentioned, does not stop respiration on the same 
side. The rhythm of respiration remains the same on the two sides, 
which shows that the cause of these movemeuts, whatever it may be, 
continues to act simultaneously upon the two halves of the spinal 

Dencthabien years after the absve facts were published, Brown- 
Séquard’ recorded a number of hemisections followed by contractions 
of both sides of the diaphragm. . 

~The work of Knoll has been mentioned, but deserves more extended 
notice. In 1885, Knoll” affirmed that he had never seen hemisection 
cause complete arrest of the thoracic respiration on the side of the 
section. In 1888", nineteen additional experiments were published. 
They seem to have been made with much care: the diaphragm having 
been exposed, the phrenic nerve was cut on the uninjured side in 
twelve animals, and the completeness of the section verified by the 
examination of the hardened cord. The conclusion from this second 
series was the same as from the first, namely that the respiratory 
movements, although considerably weakened, continue on the side of 
the section, as well as on the opposite side (p. 166). 

“The results of hemisection of the bulb,” continues Knoll, “find 
their simplest explanation in the hypothesis that impulses pass from 
each half of the bulb to the respiratory muscles of both sides, stronger 
impulses going to the same, and weaker to the opposite side, an 
hypothesis supported by the observations of various authors, especially 
by those of Lewaschew and Exner-Paneth. If these experimenters, 
sustained by special experiments, came to the result that the transfer of 
an impulse to the opposite side was accomplished through the grey 
matter of the bulb or cord, there can at least be nothing against a 
similar hypothesis with regard to the transfer of the respiratory impulse 
from one to the other side” (p. 174). 

Langendorff”, in 1887, speaks of bilateral thoracic respiration 
after hemisection of the cord (p, 243). The results of his and of other 
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similar experiments are thus explained by Langendorff. “ Hemisec- 
tion of the bulb paralyzes the respiration of the corresponding side for 
a time only, not permanently. Those who believe that the respiratory 
impulse proceeds from the bulbar centres can explain this fact only by 
the hypothesis that the respiratory centres of the two sides, or the 
_ paths running from these into the spinal cord, communicate posterior 
to the bulb. This hypothesis is refuted by other facts. It can be 
demonstrated that a communication exists only within the bulb ‘and 
not posterior to it (i.e. in the cord). The return of bilateral action can 
be satisfactorily explained by acknowledging that the point of attack 
(Angrifispunkt) of the respiratory stimulus lies not in, but posterior to 
the bulb; in other words, that the respiratory excitation is discharged 
by the spinal respiratory centres. The arrest on one side at the be- 
| ginning is to be explained by shock and inhibition.” 
= In 1898, Langendorff* was compelled to confess that a communi- : 
it cation did after all exist between the respiratory paths of the two sides : 
posterior to the bulb. He cites the experiments of Nickell, made 
under his direction, five years before. Nickell found bilateral 
respiration in fifty per cent. of his hemisections near the calamus. 
Langendorff adds to these some of his own—three young rabbits in 
| | which respiration on both sides of the body was absolutely certain after 
| complete division of one side of the cord. He found also that when 


| hemisection of the cord was followed by thoracic respiration on both 
if sides, stimulation of the central stump of the cut vagus acted on both 
ii | halves of the diaphragm. He concludes with the significant remark 
’ that the importance of hemisection experiments for proving the respi- 
ratory automatism of the cord now appears questionable to him 

(p. 406). 

Mott* speaks of a monkey in which hemisection was performed in 
the upper cervical region. After a few days, very little difference could 
be discovered in the action of the ee muscles for the two sides 
of the chest. : 

Girard” publishes the protocols of many experiments in which 
bilateral respiration took place after hemisection of the cord. 
I give from my own experiments with regard to crossed respiration 
a~e-y~e-aaype of those in which the abdomen ¥ was opened and the diaphragm 
directly observed. 


Eup. XLIX., May 1, 1894. At 10a.m., the left half of the spinal cord of 
a full-grown rabbit narcotized with ether was cut with a cataract-knife near 
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the calamus scriptorius. The breathing was not interrupted. The rabbit lay 
on the left side, the left legs paralyzed. 

At 4p.m., five and a half hours after the hemisection, the breathing was 
bilateral, as far as could be judged by inspection of the closed chest. It was 
a little weaker on the left side than on the right. On opening the abdomen 
and observing the diaphragm directly, unmistakeable contractions of both sides 
were seen, These were especially evident in the anterior muscular slips. The 
respiratory movements of the diaphragm were slightly stronger on the right 
side. So marked was the breathing on the left side that doubts were felt of 
the completeness of the section. The abdominal wound was accordingly closed, 
the rabbit turned over, and the spinal substance in the line of the former 
section thoroughly destroyed with a blunt needle. The animal did not stop 
breathing. The diaphragm was once more exposed. The contractions of the 
left side were still present, though weaker than at the first observation. The 
diaphragm was now cut in two pieces from the xiphoid appendix down to the 
great veins. The contractions of both halves then became stronger. 

The autopsy showed complete hemisection of the cord at the point named. 


Exp. LI., May 3, 1894. <A full-grown, middle-sized dog was given 0:2 
gramme morphia sulphate and the spinal cord severed just above the 2nd 
cervical vertebra on the left side, the knife entering about 1:5 mm. to the 
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left of the middle line. The result was complete paralysis of the limbs on the 
left side. The respiration seemed largely unilateral, if not wholly so. 

Five and a half hours after the section, the abdomen was opened. The 
diaphragm was contracting on the right side only. On cutting the right 
phrenic nerve, no further contraction of the right side of the diaphragm took 

place, but on the left side strong, unmistakeable contractions began. On 
section of the left. phrenic, these also stopped. 

At the autopsy, it was found that the hemisection began posteriorly 
15 mm. from the median line and ran obliquely downwards to the anterior 
fissure, including the entire half of the cord except the inner portion of ‘the 
anterior column. 

Exp. LII., May 4, 1894, The spinal cord of a full-grown rabbit, narcotized 
with ether, was cut on the left side near the point of the calamus scriptorius, 
the knife entering the dorsal surface about 1mm. from the median fissure. 
On removing the rabbit from the Czermak board, it was seen that he was 
paralyzed on the left side. The respiration seemed stronger on the right than 
on the left side. The animal was laid on the left side in a warm, quiet room. 


Vv 


Fie. 5. (Exp. LIL.) 


Seven hours later, he was still in good condition and kicked vigorously as 
he was again put on the board. The abdomen being opened in the median 
line and the liver depressed so as to gain a clear view of the diaphragm, it 


Te 
he 
A 
| 
i 
* 
| i} 
i} ‘| 
it 
id 
3 
| 
| { 
| 
| 
Ae 
= 
| 
| i 
1 
1 
ih 


PATH OF RESPIRATORY IMPULSES. 473 


was seen that the left side did not contract. The slight movements seen on 
this side were clearly passive. This was especially evident when the anterior 
slips were compared. The right phrenic nerve was now cut. The right side 
of the diaphragm was at once arrested, the left contracted strongly. 

On closing the tracheal tube at the summit of inspiration, the next 
inspiration was much delayed. This experiment was repeated several times 
with the same result. On section of the vagi, Breuer’s — could 
no longer be produced. 

_ Stimulation of the central end of either vagus and of the right superior 
laryngeal gave the characteristic action of these nerves on the contractions of 
the diaphragm. 

The autopsy showed that the knife had entered the left side of the cord 
0°75 mm. from the posterior septum, 2mm. below the point of the calamus 
scriptorius and had passed through to the anterior fissure and thence outwards 
to the lateral surface, completely dividing this half of the cord, except a small 
portion posteriorly near the median line. The right phrenic nerve was 
dissected out. It had been divided at its entrance into the chest. 


Exp. LVI., May 14, 1894. A full-grown rabbit was etherized and 
tracheotomized and a thread placed around each vagus, the left superior 
laryngeal, and the right phrenic nerve near the first rib. 


L R 


Fie. 6. (Exp. LVI.) 
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The spinal cord was now incised along the posterior fissure from the 


‘calamus scriptorius to the second vertebral arch. Repeated introductions of 


the knife made sure that the section was complete. The rabbit stopped | 
breathing and required artificial respiration. Ten minutes later, it was noticed 
that he breathed spontaneously, but chiefly with the left side, only a faint 
movement of the right side being visible. Perhaps this was due to stretching 


the right phrenic nerve during its preparation or afterwards. 


A hemisection of the cord was now made on the left side, near the lower 
end of the first incision, and artificial respiration begun, to avoid any possible 
dyspnea during the remainder of the experiment, The narcotic was stopped. 
On turning the rabbit and opening the abdomen, the diaphragm was seen to 
be contracting on the left side only; the contractions occurred during the 
artificial respirations, but were more frequent. Section of the right phrenic 
nerve made no change. 

Stimulation of the central end of each vagus and of the left superior 
laryngeal nerve caused the characteristic anes: in the action of the 
diaphragm. 

Autopsy: the first section was exactly in the median line, was 3 9 mm. long, 
and began at the point of the calamus; from beginning to end, ‘the section was 
through the whole thickness of the cord. The left half of the cord was 
completely divided on the left side 4 mm. posterior to the longitudinal section. © 


The experiments just related prove that the respiratory impulse 
descending from the bulb can reach the phrenic nuclei of the opposite 
side. 

Girard is of opinion that the respiratory impulse does not cross 
unless dyspnoea is present. Such appeared to be the case in his deeply 
narcotized animals. Langendorff® believes that dyspnoea is not 
essential (p. 401). My experiments confirm the statement of Langen- 
dorff. I have already pointed out (page 466 and Fig. 2) that crossed 
respiration immediately follows hemisection, the phrenic nerve of the 
opposite side having previously been cut. There is in such a case no 
time for the development of dyspnea. 

Additional evidence that dyspnoea is not essential is furnished by 
experiments from one of which the accompanying curve (Fig. 7) is 
taken. Crossed respiration is here witnessed during artificial respira- 
tion. In this experiment LXV., November 19, 1894, the cord was 
severed on the right side at the second vertebra and the left phrenic 
nerve cut. The contractions of the diaphragm were recorded by a lever 
attached to the ensiform cartilage, which had been separated from the 
sternum without any particular injury of the anterior muscular slips 
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of the diaphragm. The contractions were seen besides in the exposed 
muscle. They continued during artificial respiration. The large eleva- 
tions, of which seven are shown in the figure, are caused by the artificial 


Fie. 7. The large elevations are passive movements of the diaphragm caused by © 
artificial respiration, the smaller are caused by spontaneous contractions of the dia- 
phragm. The curve reads from left to right. 


respiration. The smalier, of which seven and part of an eighth may be 
seen distinctly, others being masked by the large artificial elevations, 
are caused by the spontaneous contractions of the diaphragm. 

These facts make it certain that that degree of oxygen hunger which 
causes dyspnoea is not necessary for the production of crossed respi- 
ration. | 

The level at which the respiratory impulse crosses should now be 
determined. 

Three possibilities present themselves: (1) the impulse may have 
no fixed path but may cross at any point in the cord, in agreement with 


the idea that excitations of any part of the cord can reach other parts 


by means of such a network as Gerlach described or by means of paths 
offered in every direction by the indiscriminate contact of the processes 
of nerve cells; (2) the impulse may cross by a path lying between the 
bulb and the phrenic nuclei; (3) the impulse may cross at the level of 


the phrenic nuclei and nowhere else. 


It will readily be granted that the question, Where does the respira- 
PH. XVIL. 
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tory impulse cross? is of fundamental importance. If the impulse to 
the diaphragm can be shown to cross at the phrenic nuclei and nowhere 
else, the hopes of those who contend that the nervous elements of the 
cord form one continuous conducting structure are at an end, and the 
physiological doctrine born of Gerlach’s continuous network must be 
given up. 
_ The experiments which answer this question will now be described. 
The respiratory tmpulse descending from the bulb to the diaphragm 
can cross to the opposite side of the cord at the level of the phrenic nucler 
and nowhere else. : 
Eup. XXXVIII., March 22, 1894. A full-grown rabbit was given 0-12 


gramme chloral, and the right half of the spinal cord cut through at the level 
of the 2nd vertebra. The respiration continued without interruption. 


L R 


Fie. 8. (Exp. XXXVIIL) 


The left half of the cord, near the point. of the calamus scriptorius, was 
now severed to within 1 mm, of the lateral surface. The diaphragm stopped 
contracting. Artificial respiration with warmed and moistened air was begun, 
but was kept up about fifteen minutes only, as it was then seen that the 
rabbit breathed spontaneously. After five minutes, the hemisection was 
completed, thus making two hemisections, on opposite sides and separated by 
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a considerable space, The diaphragm was immediately arrested and did not 
contract again. The head breathing and the heart-beat remained apparently 
normal, and the animal gave no sign of shock. 

After artificial respiration had continued for twenty-five minutes, the 


diaphragm remaining entirely passive, the rabbit was killed. Two complete 


hemisections were found post mortem, one on the left just behind the calamus 


scriptorius, the other on the right side at the point of exit of the 2nd cervical 
nerve. 


In this experiment, no crossing took place between the calamus 
scriptorius and the second cervical nerve; had the impulse crossed 
between the hemisections, the diaphragm would have kept on con- 
tracting. Of the three possibilities given above, the first, namely that 
the impulse may have no fixed path but may cross at any point in 
the cord, is thus excluded. Excluded also is the possibility that the 
impulse crosses by a special path lying between the above hemisections, 
at the calamus scriptorius and the second cervical nerve. The point 
of crossing must be posterior to the second cervical nerve. 


Exp, LIX., May 23, 1894. A strong, full-grown dog was given 0-9 grm. 
morphia sulphate subcutaneously and etherized until quiet. The spinal cord 
R | 
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was exposed from the 3rd to the 7th cervical vertebra and incised near the 
middle line. The section was made a little to the left of the middle line in 
order to separate the left phrenic centres from the right without injury to the 
latter. The respiration ceased on the left side, but continued on the right 
without interruption. 


The right half of the cord was now cut through between the 2nd and 3rd_ 
cervical nerves. The diaphragm instantly stopped contracting. Artificial 
respiration was used for more than an hour; during this time, the heart-beat 
was strong and frequent, the corneal reflex was present, and the symptoms of 
shock were wholly lacking, but the diaphragm remained passive even during 
long pauses in the artificial respiration. 

At the autopsy, a complete hemisection was found at the exit, of the first 
root fibre of the right third nerve. Twenty mm. behind this place the longi- 
tudinal section began ; it was forty-six mm. long, and extended from five mm. 
behind the first root fibre of the fourth nerve to the last root fibre of the sixth 


nerve ; it had been carried everywhere completely through the cord, a little 
to the left of the middle line. 


This experiment, like the preceding one, shows that the respiratory | 
impulse cannot cross at every point in the cord; it shows further, that 
no crossing takes place between the beginning of the third nerve, where 
the hemisection was made, and the level of the phrenic nuclei, else the 
respiration would have continued on the left side after the hemisection. 
The longitudinal section cut the path between the phrenic nuclei and 
thus made crossed respiration impossible. 

These two experiments prove that no crossing takes place between 
the bulb and the second nerve or between the beginning of the third 
nerve and the phrenic nuclei. In the experiment of November 8, LXL, 
described on page 464, the right half of the cord was severed at the 
third vertebra and the left phrenic nerve cut; respiration continued on 
the right side; showing that the point of crossing was not between 
the second and third nerve. 

The crossing at the level of the phrenic nuclei is also demonstrated 


_ by the experiment of December 4, 1894. 


Hap. LXVIII., Dec. 4, 1894. The left phrenic nerve of a middle-sized, 
apparently full-grown, etherized rabbit was seized near the subclavian vein and 
torn out. The respiration then appeared chiefly but not wholly right-sided ; 
a little later it grew more quiet and was seen to be confined to the right side. 

The spinal cord was now cut through on the right side near the fourth 
nerve. Thoracic respiration continued as before. A second hemisection, 


_ about five mm. behind the first, made no change. . 
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On turning the rabbit back down, it was noticed that the intercostal 
muscles of the left side were vigorously contracting. The abdomen was 
widely opened in the middle line, the viscera drawn out and the diaphragm 


Fie. 10. (Exp. LXV. IIL) . 
frou oe: ; not a trace of contraction was present on the left side; the 


_ right side however contracted distinctly, the blood vessel at the margin of the 


central tendon being carried several mm. to the right with each contraction. 
The autopsy showed that the phrenic nerve had not been completely torn 

out; two of its rootlets were still intact ; the stretching they had received 

had evidently kept them functionless during the experiment. The spinal cord 


was hemisected on the right side at the exit of the first, and again at the exit 


of the last rootlet of the fourth cervical nerve. 


These experiments show that the respiratory impulse descending 
from the bulb to the phrenic nuclei can cross to the opposite side of the 
cord at the level of the phrenic nuclei and mcarnate else. 
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IV. 


An hypothesis which attempts to explain the phenomena | 
| of crossed respiration. 


I venture to put forward the following hypothesis, which appears to 


me to offer a simple and reasonable explanation of crossed respiration. = —_ 


Fic. 11. Illustrates hypothesis of crossed respiration. D.R,F’. descending respiratory 
fibre; D.C. crossed dendrites; M.F. median fissure; P.N. threnic nerve. 


1. The respiratory impulse descends the lateral tracts. The fibres 
which convey it end in terminal arborisations at the level of the phrenic 
nuclei, 


2. The dendrites of every phrenic motor cell may be divided into 


two groups: the one group is composed of many dendrites, which lie in 


contact with the terminal branches or end arborisations of the de- 
scending respiratory fibres of the same side of the cord; the other group 
is composed of relatively few dendrites, and these cross in the proto- 
plasmic commissure to the opposite side of the cord and lie in contact 
with the end arborisations of the descending respiratory fibres of that 
side. The end arborisations of the descending respiratory fibres of each 


_ side are therefore in contact with dendrites of different origin: first, 


with numerous dendrites from the phrenic cells of their own side of the 
cord; and second, with relatively few dendrites from the phrenic cells of 
the opposite side. 
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3. The greater part of each descending respiratory impulse is dis- 
charged into the phrenic cells of the same side, because the dendrites 
springing from the cells of this side are more numerous and therefore 
offer less resistance to the passage of a nervous impulse than is offered — 
by the relatively small number of dendrites which have crossed the 
median line from the phrenic cells of the other side. 

4. The remaining, smaller part of the descending respiratory impulse 
is discharged into the crossed dendrites and is conducted by them to the 


oe phrenic cells of the opposite side. This smaller part of the impulse is 
however not sufficient, under ordinary circumstances, to cause’a con- 


traction of the opposite half of the diaphragm. Only when the crossed 
impulse is unusually strong or when the irritability of the phrenic cells 
is increased can the crossed impulse set this side of the diaphragm 
contracting. 
: 5. The section of one phrenic nerve interrupts the ordinary re- 
spiratory path of the same side, and a greater portion, perhaps the whole 
descending impulse of that side passes through the crossed dendrites 
into the phrenic cells of the opposite side. The impulse reaching them 
is now strong enough to call forth contractions in the half of the 
diaphragm innervated by them. 

The established facts contained in this hypothesis are: the descent — 
of the respiratory impulse in the lateral tracts; the crossing of the 
impulse at the level of the phrenic nuclei; the ending of the respiratory 
- fibres, like other conducting fibres, in terminal arborisations; and the 
different course of the dendrites of the motor cells of the cervical region, 
the majority remaining on the side of the cord whence they had origin, 
the minority crossing in the protoplasmic commissure to the opposite 
side of the cord (Cajal*, Van Gehuchten, Sala). 

The hypothesis is grounded in part on anatomical conceptions 
accepted by many of the foremost authorities in the anatomy of the 
central nervous system. The cellulipetal conduction through the den- 
drites, and the transmission of impulses by contact from the centrifugal 
process of one cell to the centripetal process of other cells, are such 
conceptions. 

The statement that the phrenic motor cells send a part of their 
dendrites across the commissure to the opposite side of the cord has 
not been proved directly. It is known however that the phrenic motor 
fibres arise from the large motor cells in the anterior grey cornua, and 


* 8. R. Cajal’, p. 15. 
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that very many, perhaps all of these cells send dendrites over the 
commissure; the probability is strong that some of the cells whose 
dendrites cross are cells of origin for the phrenic motor nerve fibres. 
Wholly new, so far as I am aware, is the idea that the larger 
number of dendrites from cells on the side on which the respiratory 
impulse descends receive the greater part of the impulse of that side 
because they offer less resistance to its propagation than is offered by 
the smaller number of crossed dendrites. This idea is not unreasonable. 
The propagation of a nerve impulse is a physical process, depending, it 
is believed, on physical changes in the conducting substance. It is not 
unreasonable to suppose that the same impulse would be more readily 
propagated along the broad pathway offered by the greater number of 


dendrites than along the narrow way offered by the smaller number, 


it being assumed that the size of the crossed dendrites is not essentially 
greater than the size of the dendrites which do not cross. 

The fact that the crossing takes place at the level of the phrenic 
nuclei, that is at the termination of the descending respiratory fibres, is 
sufficient to make the carrying of the crossed impulse by collaterals of 
the descending respiratory fibres improbable. 

In conclusion, a fact of considerable interest may be mentioned. 
Physiologists have suggested that the breaking of the well worn spinal 
paths along which repeated stimuli take their habitual way may lead to 
the gradual making of new paths conducting to the same goal. The 
dendrites or the end arborisations, according to this idea, grow into new 
connections. This anatomical explanation of the slow formation of new 
habits does not fit the phenomena of crossed respiration. The path of 
the crossed impulse exists preformed in the spinal cord. The cutting 
of one phrenic nerve, after the hemisection of the opposite half of the 
cord, turns the stream of respiratory impulses across, not in new channels 
but in those heretofore less fully used. The dendrites need not grope 
about to make new contacts. The way is always open, and being open 


is probably the habitual path of a small portion of the respiratory 
impulse. 
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PROCEEDINGS 


PHYSIOLOGICAL SOCIETY, 
| 1894. No. III. 
On the Anatomical eit. of the Nerves of Muscles. 


C. S. SHERRINGTON made the following communication :— 


He had been engaged in the.anatomical analysis of various muscular 
nerves, especially those of the skeletal muscles of the lower limb. 
The method employed had been chiefly that of Wallerian degeneration. 
The experiments, to the number of twenty-four, had been carried out 
on cats and monkeys (Macacus rhesus). The plan most relied on had 
been to allow complete removal by degeneration of one or other set of 
root-fibres from the peripheral nerves, and then by teasing in fresh and 
in osmic preparations, and especially by preparing serial cross-sections, 
to determine the number, size and distribution of the myelinate nerve- 
fibres still remaining sound..-The process of degeneration had been 
allowed to run.from two weeks to seven months; in the various’ experi- 
ments.:.: The-communication ;was illustrated by specimens, 
and dissections. 

. The chief.conelusions arrived at may be summarised: 

1. In the muscular nerves examined from one-third to one-half of 
the myelinate fibres have their trophic centre in the ganglion cells of 
the dorsal (sensory) spinal nerve-root. 
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2. The larger root-ganglion fibres in the muscular nerves terminate 
for the most part in peculiar capsulated end-organs somewhat like 
Golgi’s tendon-organs but developed around a bundle of muscle-fibres 
instead of round a tendon bundle. The muscle-fibres in these organs 
are some of them very small, and in many of the contained muscle- 
fibres a central unstriated substance exists, giving them an embryonic 
appearance. Nerve-fibres from the spinal ganglion penetrate the layers 
of the capsule of the organs and in many instances retain the myelin- 
sheath, even up to their junction with the nucleated core of the organ. 
These structures are very numerous in the muscles examined, and are 
the “ muscle-spindles” of authors (Kiihne, &c.), which thus prove to be 


_ end-organs for large sensory nerve-fibres. 


3. After section of the UiIrd cranial nerve at its superficial origin 
there remain sound in the eye muscles supplied by that nerve no 
myelinate nerve-fibres. So also no myelinate nerve-fibres remain sound 
in the obliquus superior after section of the Ivth cranial nerve at its 
superficial origin. The question therefore arises whether the above 
cranial nerves are not in reality sensori-motor. Further experiments 
in investigation of this point are in progress. 

4. The eye muscles do not contain spindle-organs, like those of the 
other muscles examined. Their primitive muscle-fibres exhibit several 
peculiarities, e.g. some are branched like the fibres of the tongue- 
muscles, some resemble Weismann-fibres, some are fibrillated only at 
periphery. Further investigation of these points is in progress. 

5. In the macroscopic spinal nerve-trunks of the limb the 
myelinate fibres are in none derived exclusively from the ventral 
spinal roots, i.e. none are exclusively motor. On the other hand, the 
myelinate fibres of many are derived exclusively from the dorsal 
(posterior) spinal-roots, i.e. are exclusively afferent; but most are 
derived from both spinal roots. Even such nerve-trunks as the phrenic, 
hypoglossal, recurrent laryngeal, anti-brachial posterior interosseous, all 


contain abundance of fibres from the sensory ganglia. 


6. The peripheral nerve-trunks of the limbs contain no myelinate 
fibres derived from the sympathetic system ; but they contain numbers 
of pale fibres. 

7. Five weeks after excision of spinal ganglion the dorsal root 
contains many minute myelinate fibres, resembling regenerated fibres. 
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1894, No. IV. 


OxForRD. August 11. 


On the Action of Heat and Cold on Erysipelas. 


WILHELM FILEHNE, Professor of Pharmacology in the University of 
Breslau, reported on experiments carried out in the Pathological 
Laboratory, Cambridge, as follows :— 


Whether the fever of infectious diseases be harmful and merely 
accidental, or whether it be a defensive and more or less beneficial 
process, is not a new question. Rufus of Ephesus, in the year 
150 A.D., wrote in his book on Apostemata that fever is a remediary 
agent, which it would be desirable to produce artificially as a method of 
treatment. As you are well aware, gentlemen, the views regarding the 
nature of fever, have since that time varied much. How fever has been 
sometimes looked upon as a consuming fire to be repressed, how it has 
sometimes been welcomed as a purifying fire, how, in correspondence 
with these different views, the treatment of fever has much changed 
from time to time, is so well known that I need not dwell upon it 
here. 

The question whether the febrile process in infective disease be 
protective or harmful to the system has not so far been investigated 
experimentally; my experiments, however, do not touch upon the 
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question whether antipyretic treatment should be employed in cases of 
fever, or whether means should be taken in such cases to aid the process 
in question. In other words, my work is rather pathological than 
therapeutical. : 

It cannot be denied that any advance in our knowledge of the 
nature of fever must have a bearing on its treatment. What I have to 
deal with in the meantime, however, is the question whether it be a 
defensive mechanism, or not. In the case for example of the scratching 
or rubbing of the skin, which is fully recognised as a defensive or 
protective mechanism, there are plenty of cases where the reflex is 
called into activity without the usual or normal cause. So also it may 
be with fever, which may not be always of direct use to the system, but 
which may nevertheless, like the homely example I have given of the 
scratching reflex, be a truly defensive process. One may even go 
further and say that such a mechanism though defensive may perhaps 
at the same time be always harmful to the system. 

The experiments which I give you here were intended to elucidate 
the following questions: A. How is an infected tissue in fluenced 
when it is exposed to moderate warming? B. when it is left to itself in 
the animal? or C. when it is moderately cooled by artificial means ? 
For the present I have only to deal with superficial tissues, more 
especially the ear of the rabbit, and with one infective process, namely, 
erysipelas, 

Erysipelas of the rabbit’s ear resembles closely erysipelas of the face 
in man, seeing that in the rabbit the ears correspond in many~ 
important respects, such as expression, blushing, pallor, to the face in 
man. An important advantage is that in the rabbit’s ear the course of 
erysipelas can be closely followed from hour to hour without any 
interference with the comfort or vitality of the animal. Another 
advantage is that without a change in the temperature of the animal 
of more than three or four degrees, the temperature of the ear can be 
conveniently varied within wide limits of 25 or more degrees C. 

When placed in a warm chamber in a temperature of 37°C. the 
ears become congested and as hot or hotter than the surrounding air ; 
while in a cold chamber at 1 or 2 degrees C., the ears become 
anemic, and their temperature may fall to 10°C. 

In these animals it is not merely a question of temperature of the 
tissues of the ear, the blood supply must also be considered,—the warm 
ear is congested, and the cold ear is anemic, and experiment must 
decide whether in the event of any difference in the course of the 
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erysipelas in the two cases, it is a question of difference of temperature 
of the part, or difference in the blood supply. 

The results of my experiments are as follows. In the warmed 
rabbit the erysipelas shows itself very soon (a few hours after 
inoculation), reaches (during the second day after inoculation) its 
very moderate maximum and only about half of the ear is affected, 
the cedema being slight. All these points are very different with the 
erysipelas in the ear of the control animal, which begins more slowly ; 
the maximum is not reached until the fourth or fifth day, and is much 
more severe, the whole ear being affected with much greater oedema. 
In the warmed animal the erysipelas is completely ended on the third 
day after the inoculation. While in the control animals the disease 
first begins to improve on an average by the sixth or seventh day, and 
comes to an end only on the tenth or twelfth day after infection. 

If we compare the results of inoculation in the control animal with 
those which occur in the rabbit which has been placed for some days 
after the inoculation in the cooling chamber and then placed with the 
control animal at ordinary room temperature we find that cooling has a 
harmful action on the course of the disease. So long as the rabbit 
remains in the cold box the inoculation appears to have produced no 
result, In one case only, when during the night all the ice had 
melted and allowed the temperature in the box to rise, I found at 
mid-day—although the ice had been renewed in the morning—that the 
ear showed well-developed erysipelas, When, however, the cooling is 
kept up without interruption no erysipelas shows itself. If, on the 
other hand, after about 3 days the animal be removed from the cold 
chamber, then erysipelas in a few hours becomes developed over almost 
the whole part of the ear, which extends from the point of inoculation 
(about the centre of the ear) to its root. The affection in the cooled 
rabbit after removal from the ice box differs in some important 
particulars from that met with in the warmed animal, in which a small 
patch of inflammation first shows itself round the point of inoculation 
and gradually spreads more or less equally in all directions, while in the 
cooled animal one finds that within half-an-hour after removal from the 
cold cage erysipelas shows itself equally over a very large area, 
increasing in intensity for some 6-8 hours without extending at all over 
the rest of the ear, The extension of the disease comes later, the whole 
ear being gradually affected until we have an erysipelas which as 
regards swelling, duration, ete. very much exceeds that in the control 
animal in most cases, and in no case is less severe. 
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_. The difference in the severity of the affection is, of course, still more 
marked if we compare the cooled rabbit with the one which has been 
artificially warmed. The manner in which in the cooled rabbit the 
erysipelas begins over a larger area than in the warmed animal, and the 
simultaneous affection of an extensive area, strongly suggest the 
probability that the disease is latent in the part of the ear which 
appears perfectly healthy and normal when the animal is taken out of 
the ice box, but which in a very short time becomes the seat of severe 
inflammation,—in other words, that the streptococci had been able to 
grow and extend over a large area in the cooled rabbit, which extension 
in the case of the artificially warmed rabbit was hindered by the 


_ accelerated inflammatory reaction. That this view is the correct one 


was proved by bacteriological investigation. Lymph obtained from 
needle punctures }-4 an inch outside the inflamed area in control 
or warmed animals gives no growth of cocci when inoculated on agar ; 
whereas minimal amounts of lymph taken 4 an inch from the point 
of inoculation in cooled animals gives a very large number of colonies of 
streptococcus when it is rubbed over an agar tube. Since the extension 
of the local affection in the cooled rabbit does not extend towards the 


tip of the ear but towards the root only, we have apparently in great 


part a carrying away of the cocci by the lymph rather than an extension 
of the cocci through the tissues by reason of their growth. 

I have also noted the following interesting fact. In one case where 
after inoculation the animal was artificially warmed I found that at the 
end of the 2nd day the erysipelas was rapidly disappearing and removed 
the animal from the warm chamber. On the following (3rd) day the 
erysipelas had completely ended, but on examining it on the following 
(4th) day I found that the ear showed an extremely severe relapse of 
the disease with high temperature of the animal. Mr Cobbett—who 
has a very extended experience of erysipelas in the ear of the rabbit— 
has kindly informed me that such relapses do sometimes occur, but that 
they are extremely rare (I have never seen one myself), and that in 
such cases the affection is much milder than the primary erysipelas, and 
are in no case so severe as in the instance to which I refer. From this 
I conclude that, in spite of the rapid healing of the disease in the warm 
chamber, active cocci still remained in the tissues whose growth might 
have been prevented by keeping the rabbit for perhaps one more day in 
the warmed box. Moreover this observation shows that an attack of 
erysipelas under the described conditions does not necessarily render 
the part immune to a second attack immediately afterwards. 
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Our results may be considered in connection with Roger’s 
observation that in a rabbit which has had the cervical sympathetic of 
one side cut and the ears of which have then been inoculated with | 
erysipelas, the disease appears sooner and runs a milder course on the 
side of the cut nerve than it does in the control animal or in the other 
ear of the same animal. 

Further observations which I have already commenced will I trust 
enable me to decide whether raising the temperature of a tissue 
without hyperemia and cooling it without anemia produce similar 
effects on the course of a local infection such as I have sought to 
describe. It is my very Pleasant duty, 1 in conclusion, to express my 
sincere thanks to the various workers in the Cambridge Pathological 
Laboratory, who have given me invaluable aid in my studies on the 
questions dealt with in this communication, and more especially, if I 
may choose one out of many who have helped me, I desire to thank 
Mr L. Cobbett for much kind and unwearying assistance in ee 
the actual experiments. 
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1894. No. V. 
October 27. 


The Development of the Power of Regulating Heat- 
| production. 


_M. S. Pemprey made the following communication :— 


A mouse is able to rapidly increase its production of heat. Within 
two minutes of a fall in external temperature from 30° to 18° the mouse 
increases its output of carbonic acid by 74 per cent. The response to a 
rise in temperature is much less rapid; within two minutes of a rise 
from 18° to 34°5 the decrease in carbonic acid is 18 per cent. The 
relationship between muscular activity and the production of heat is 
well shown ; in cold surroundings the mouse is very active, whereas with 
a warm temperature it is quiet and often goes to sleep. 

For such a rapid reaction to a change of temperature the integrity 
and full development of the nervous control of muscular action appears 
to be essential. On this account it seemed probable that animals born 
blind and in a very helpless condition would not possess this power of 
regulation. Experiments have therefore been made upon very young 
mice. In young blind mice about three days old a fall in temperature 
from 30° to 20° caused the discharge of carbonic acid to fall within 
thirty minutes to one half its previous value. A few days later the 
young mice gave evidence of the development of the power of regula- 
tion ; a similar fall of temperature at first produced a rise in the amount 
of carbonic acid and then the animals appeared to pass into a neutral 
condition, the amount of carbonic acid discharged being about the same 

as that before the fall in Spe sacs The following experiment 
this point. 
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Three young mice about 8 days old. 
The mice were in the ventilated chamber — 30°) for 25 minutes 


before the first period. ; 
Consecutive periods of 15 minutes, 
co, Temp. of bath Remarks 

0266grm. = 30° Mice active at times. . 
0253 30 ” 
‘0301 20 Mice very active. 
0277 19°75 Mice quiet. 
19-25 Mice active. 


A day or two later results similar to the last were obtained ais by 
lowering the temperature still further, to 15°, and prolonging the 
exposure to the cold surroundings. The young mice a few days later 
responded to a change of temperature in a way similar to that seen in 
an adult animal. 

It has been shown that the chick during its development passes 
first through a cold-blooded and then through an apparently neutral 
stage, but that when it is hatched it reacts as a warm-blooded animal to | 
a change of external temperature. The chick directly it is hatched 
possesses great control over its muscles; it is able to run about, feed 
itself and perform other complicated movements. 

_ Pigeons, however, when first hatched are blind, naked and helpless ; 
one of the parent birds is constantly sitting over the squab and feeds it. 
A young pigeon was therefore examined when it was one day old and its 
response to a change of external temperature is shown by the following 
figures to be similar to that seen in a cold-blooded animal. There is, 
however, one great difference. The young pigeon responds very rapidly, 
the frog extremely slowly. 


Young pigeon 1 day old. 
The pigeon was in the ventilated chamber for 25 minutes yee the first 
period, the temperature of the water-bath being 37°:5 


Consecutive periods of 15 minutes. ~ 


co, Temp. of bath Remarks 
‘0079 grm. 36° The pigeon moves slightly. 
‘0070 36 The vi 
‘oo70} pigeon is quie 
0046 22 BS 
0025 21°5 


A similar change of temperature produced a sbeaitec response until 
about the sixth day, then the decrease in the carbonic acid with a fall of 
temperature became less marked. 
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Lonpon. Dr WALLER’S LABORATORY. Meisader 17. 


On a Convenient Form of Reaction Time Apparatus, by 
W. G. Smita (presented by Dr BuRDON SANDERSON). 


Various methods of registering reaction time graphically have been 
used by Donders, Exner, Warren and others. The following arrange- 
ment affords a simple and convenient method of carrying on experiments 
in a physiological laboratory ; it requires only a few pieces of apparatus 
which can be put together in a very short time. The chief advantages 
which it possesses are that a large number of experiments can be made 
in succession without any stoppage or rearrangement of the recording 
surface, and that the length of the interval between stimulus and re- 
action together with the divisions of time given by a tuning-fork are 
indicated in one tracing. In this last respect the apparatus, which was 
devised independently for use in the Physiological Laboratory at Oxford, 
resembles the Neuramosbimeters of Exner and Bowditch. 

_ The accompanying schematic diagram will shew the arrangement 
of the apparatus. The current from the galvanic battery A flows through — 
the tuning-fork B, and returns by one of the circuits cbd, ctd, crd. One 
of the circuits ctd is always closed, and thus the tuning-fork never ceases 
to vibrate ; owing however to the great resistance in the electrical time 
marker ¢, which is introduced into this circuit, the current will flow 


ia 
ag 
ug 
a 
we’ 2 
ag 
¥ 
4 
a 
“= 
4 
4 
at 
4 


xxx PROCEEDINGS OF THE PHYS. SOC,, NOV. 17, 1894. 


through it only when the others are broken. In the circuit cbd there is 
a break key 6, which remains closed till the moment when the stimulus 
is given. In the circuit erd is placed the reaction key r, which remains 


open until the subject responds to the stimulus by lifting his finger from 
the key. At the beginning of the experiment cbd and cfd are both 
closed: at the moment when 6 is broken and the stimulus given the 
current begins to flow through the time marker, which now records the 
vibrations of the tuning-fork and continues recording until the subject 
closes the short circuit crd by reacting. In this way we get the fol- 
lowing kind of tracing on the recording surface of a cylinder rotating 
before the time marker (tuning-fork 100 vibrations per sec.). 


_ If the time marker is fastened to a stand which allows of screwing 
up and down, the level of the tracing can be altered without stopping 
the cylinder; since the normal line does not interfere with the tracing 
it does not matter how often the cylinder rotates before or after the 
experiment. As two tracings can be brought on to one line and the 
lines need not be more than a few mm. apart, a large number of obser- 
vations can be recorded on one surface. 

The simplest mode of giving a stimulus is to allow the break key to 
be struck by a pendulum ; the resultant click serves as a sound stimulus. - 
If the reagent, as is desirable, be removed to a distance, the primary 

‘coil of an inductorium can be inserted in the circuit ctd; in this way 
- electrical stimuli, or, if a telephone be attached to the secondary coil, 
sound stimuli of varying intensity can be given. More complicated 
arrangements for giving visual stimuli, and for introducing discrimina- 
tion and choice into the reaction time, are obviously ae a matter of 
detail. 
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1895. No. I. 
Cuarina Cross Hosprrat, Lonpon. January 26. 


P. C. Cotts, Junior Demonstrator of Physiology, King’s College, 
London, made the following communication : 


_ On a Modification of W. G. Smith’s Reaction Time 
apparatus. 


THE following modification of Mr W. G. Smith’s ee Time 
apparatus’ was devised while attempting to utilise it for class purposes. 
The result obtained is the same, namely that the chronograph writes 
only during the reaction time, and the modification avoids the somewhat 
complicated arrangement of wires and keys in the original apparatus and 
so is better suited for students. The meres diagram represents the 
suggested modification. 


A 


The cell A is connected with the electro-magnetic tuning-fork B 
(provided with platinum contact) and with the chronograph C. On the 


1 Proc. Physiol. Soc, Nov. 17, 1894. 
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course of the wires are placed two short circuiting keys D and E. Key 
D is closed and £ is left open; the writing point of C is then at rest. 
The signal is the sound of the opening of key D; the chronograph 
records time; the subject responds by closing the key Z and this brings 
the chronograph once more to rest. If an electrical signal is required a 
double Du Bois Reymond key may be employed instead of D. This 
is arranged so as not only to bridge the chronograph circuit, but also 
to complete the primary circuit of an induction coil. When this key is 
opened the chronograph is thrown into action and a break shock produced 
in the inductorium, the electrodes of which are placed on the subject’s 
body. | 


The following diagram shows how this modification may be adapted 
for a large class. The wires from the tuning-fork may be led round a 
table and pass into chronographs at intervals; four are shown in the 


D™ 

Ewe 
CE 


figure. Each chronograph is short-circuited by two keys, D and £, 
D” and E", D’”’ and EF”, which correspond to the keys D and £ in 
figure 1, 
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Kino’s Lonpon. February 16. 


On the Relation of Muscular Activity to the Regulation of 
Heat-Production. By M. S. PEMBREY. 


Tue relation of muscular activity to the maintenance of a constant 
temperature can be studied by testing the response of an animal to 
changes of external temperature under conditions in which the control 
of the animal over its muscular system is varied. The response of the 
normal animal is compared with that exhibited by the animal under 
anesthetics or after section of its spinal cord. 

This investigation differs chiefly from that of other observers in the 
shortness of the consecutive periods in which the respiratory exchange 
was determined; thus it is possible to follow the immediate effect of 
changes of temperature. 


Section of the Spinal Cord. 


Example. Black and White Mouse, No. 9. 


Twenty-four hours after section of the cord. There is complete paralysis 
below the shoulder-girdle. The mouse is in good condition. It was in the 
ventilated chamber, water-bath = 25°, for 30 minutes before the first period, 
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_ From the results it was probable that the mouse only responds in a 
manner similar to that of a cold-blooded animal when it is no longer 
able, by the activity of the few muscles over which it still has control, 
to keep up the temperature of its tissues. 

Observations upon the temperature of the animal confirm this view. | 
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Consecutive periods of 10 minutes, 


co, Temp. of water-bath Remarks 

0497 grm. aie Mouse active 
‘0500 24°5 
‘0516 9°5 Mouse very active 
‘0465 9°5 Mouse active . 
‘0272 : 9°75 Mouse shivering 
0200 Mouse quiet 

_ 0198 25 
‘0226 25 
0245 2 24:5 Mouse slightly active 
0351 
0868! a ” 99 9 


The mouse was very active when taken out of the chamber, and com- 
menced to eat directly it was placed in its cage. 

Note. The section was purposely made low down in order that the 
mouse might breathe well, eat, cleanse itself and move about with its fore feet. 


Anesthesia from Ether. 


When the mouse is under ether the effect of a change of tempera- 
ture is more marked. One example may be given. 


Black and White Mouse A. 


The mouse was in the ventilated chamber, water-bath = 25°, for 50 minutes 
before the first period. 


Consecutive periods of 15 minutes. 
co, Temp. of water-bath Remarks 
‘0437 grm. 25° Mouse was sent under ether 
0392 | 25 Mouse under ether 
‘0290 13°5 a 
0308 13°5 
0185 135 


The mouse was fully under ether when taken out of the respiration- 
chamber. It took about 15 minutes to come round. 
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Coagulation of Colloids. By J. W. PickERING. 
(Preliminary Communication.) 

In. a@ previous' paper I have pointed out that the experiments of 
Grimaux would if substantiated prove of considerable interest from 
a physiological standpoint. Owing to the kindness of that gentleman 
who has placed at my disposal specimens of his synthesised colloids 
I have been enabled not only to confirm but extend his observations. 

The three principal substances under consideration are the colloids 
amidobenzoic A and B, which are formed by the action of phosphorus 
penta-chloride on meta-amidobenzoic acid, and the “ colloide aspartique,” 


. which is formed by the action of phosphorus oxychloride on aspartic 


acid. 
The product of the reaction in each case is a white amorphous friable 


| powder which is readily soluble in ammonia. 


On evaporation of the ammoniacal solution in a vacuum a mass of 
brownish plates remains; these are not unlike dried serum-albumin. 

The plates are slightly soluble in distilled water i in the cold, readily 
soluble after heating. 

The solution is opalescent and does not coagulate on heating. But 
if one or two drops of a one per cent. solution of a soluble salt of either — 
barium, strontium or calcium be added, pronounced coagulation com- 
mences on heating to 70°C. A few drops of a saturated solution of 
sodium chloride will also induce coagulation at 70° C. 

If a more dilute solution of these salts be added the passage of a 
current of either CO, or SO, through the solutions will determine their 
coagulability. 

Sodium sulphate and potassium acetate retard the coagulation ; 
thus if one c.c. of a solution of potassium acetate be added to one c.c. of 
a one per cent. solution of either of the colloids under discussion, it is 
necessary in order to induce heat coagulation to add one c.c. of one per 
cent. calcium chloride instead of the one or two drops which are sufficient 
in the absence of the potassium acetate. 

Similarly, the addition of an equal volume of glycerine to the solu- 
tion prevents heat coagulation, but the passage of a current of CO, 
through the solution will restore coagulability. 

The colloid C gives a typical violet reaction with copper sulphate 
and potash, a yellow with nickel sulphate and potash, a red brown with 
cobalt sulphate and potash. 

This Journal, xv. 347. 
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_ Each of the colloids. gives a well-marked xanthoproteic reaction and 
each is precipitated by trichloracetic acid and by salicylsulphonic acid, 
the latter precipitate being coagulated on heating. 

Intravascular injection into the rabbit of a one per cent. solution of 
either of the colloids will cause complete intravascular clotting. 

In one experiment the clotting extended throughout all the larger 
veins of the body, and pronounced clots were found in each of the 
cavities of the heart, and in the aorta, after the injection of five c.c. of 
colloid A. A similar experiment was demonstrated to the meeting. 


The Work of Muscle. By T. GrEGor BRODIE. | 
(Preliminary Communication.) 


WHILE studying the amount of work performed by, and upon, muscle 
under several conditions, I found much inconvenience in that we had 
no method, in most cases, for graphically representing the amount of 
work performed. After some consideration I therefore devised the 
following method of showing by successive areas the amount of work 
performed during successive contractions. 

_ Suppose AB (Fig. 1) to represent the zero abscissa line, and that 
loads are measured as abscisse starting from 0, and that at. equal 
distances ordinates at right angles to this line are drawn representing 


Fie. 1. 


exactly the heights, or some multiple of the heights, the muscle has 
raised the different weights. DH is one of these ordinates, and is 
placed at 6 units of measurement from the zero 0. In my experiments 
the unit of measurement represents 4 grammes; and the magnifi- 
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cation of the recording apparatus is 4. Hence the diagram’ represents 
that the muscle raised a weight of 24 grammes through a height }th 
DE. Hence the work performed during the contraction was 4DE 
x OD. 

A point A is next taken 4 units of measurement to the negative 
side of O and a vertical AC is drawn there. On this AF is marked off 
equal to DE, and FO is drawn and produced to cut ED produced in G. 
_ The parallelogram GN is then completed and its area exactly represents 
the amount of. work performed by the muscle during that contraction. 
For since the two triangles ODG and OFA are similar, AF x OD = AO 
x DG. But AF x OD is 4 times the work performed and as AO= 
4ND, the work = ND x DG. co 

In this way we obtain a series of rectangles, one for each contraction, 
and as they are all on equal bases their areas and therefore the work 
each represents are directly proportional to their heights. They there- 
-fore form a series at once appealing to the eye, and enabling us to pick 
out all the essential points that we wish to.learn. The figure obtained 
for a series of contractions is similar to the diagram given below 
(fig. 2). It is there seen that the maximum amount of work, produced 
during a contraction, occurred at the sixth contraction. 


Fia. 2. 


From the first to the sixth there was a gradual increase of the work 
produced, and from the sixth onwards a gradual decrease. 
The contractions are registered by the photographic method. A 
long aluminium bar is suspended at one end on two horizontal pivots, 
the free end being supported by the muscle. This bar is divided into 
100 equal divisions, and a carrier weighing 100 grammes slides along it. 

At the fixed end is placed a plane mirror, the external surface of 
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which is silvered. The plane of this reflecting surface is at right angles 
to the direction of the bar and in the plane of the points of support. 
A transverse slit, which is strongly illuminated, transmits light to 
this mirror, which throws an image upon a long vertical slit fixed 
in one face of a light-tight box. In this box is fixed vertically a sensitive 
plate travelling horizontally along rails in front of the slit. This plate 
is moved by hand so as to bring a fresh piece of it behind the vertical 
slit for each contraction. The plate is placed at a distance from the 
mirror equal to twice the length of the aluminium bar. Then, as the 
reflected beam is moved through twice the angle that the bar is moved, 
the recorded contraction is 4 times the height of the contraction. The 
successive loads are effected by moving the carrier along the aluminium 
bar towards the muscle, and, as the bar is divided in ;4,ths, and the 
weight of the slider is 100 grms., each division nearer the muscle 
means an increase of 1 gramme to the load. 

The muscle is made to contract by a stimulation applied directly, 
and from a constant current. 


W. D. HALiisurton, F.R.S., made a short communication on some 
further work he. had carried out in connection with nucleo-albumin. 
The substance he had previously called cell-globulin was shown by 
further analysis to be nucleo-albumin, whether it is prepared from the 
thymus gland or from the stromata of red corpuscles. He also added 
some particulars regarding the nucleo-albumin of red marrow; this sub- 
stance appears to be especially remarkable for the high percentage of 
phosphorus it contains. Full analytical details will be shortly pub- 
lished. 
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On the Physiological Action of Extract of the Suprarenal. 
Capsules. By G. Oxiver, M.D. and E. A. ScuArer, F.RS. 


(Second Preliminary Communication.) 


In the communication which we made to this Society’ twelve months 
ago, we showed that when an extract, whether prepared with water, 
alcohol, or glycerine, of the suprarenal bodies of the calf, sheep or dog 
was injected—even in very small quantities—into a vein of a dog or 
rabbit the following pronounced physiological effects were produced in a 
few seconds: | 

(1) Extreme contraction of the arteries, which was shown to be of 
peripheral origin. 

(2) A remarkable and rapid rise of the arterial blood-pressure, 
which took place in spite of powerful cardiac inhibition, and which 
became further augmented when the vagi were cut. 

(3) Central vagus stimulation, so pronounced that the auricles 
came to a complete standstill for a time—although the ventricles con- 
tinued to contract, but with a slow independent rhythm. 

(4) Great acceleration and augmentation of the contraction of the 


1 Proc, Physiol. Soc., March 10, 1894. 
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auricles and ventricles after section of the vagi—the auricular augmen- 
tation being specially marked. 

(5) Respiration only slightly affected—becoming shallower. 

A large number of observations made on dogs, cats and rabbits 
since last March have confirmed these results; and have enabled us to 
determine others, an outline of which we now submit to the Society. 

This research naturally divides itself into two branches—one dealing 


with the physiological effects, and the other with the chemical 


constitution of suprarenal extracts. The latter has been undertaken 
by Messrs Moore and Nabarro of this laboratory, who themselves 
contribute the results of their observations to the Society. 

As in our earlier experiments, watery decoctions of the glands in 
normal saline have been chiefly employed by us. The suprarenals 
experimented with have been derived from the calf, sheep, dog, cat, 
guinea-pig, and man. The physiological results produced have been 
precisely the same whatever the source of the glands, except in two 
taken from cases of Addison’s disease, which will be afterwards 
referred to. 

(1) Effect of a continued intravenous injection. As a rule when the 
intravenous mode of administration was adopted—as in the dog and 
rabbit—a definite small quantity of the extract representing a known 
weight of the fresh gland was injected. In exceptional instances 
however a continuous inflow of a 5°/, solution of the extract in normal 
saline has been employed. In these instances the physiological effects 
already described were maintained during the whole time the injection 
lasted, but without the development of other apparent symptoms, and 
without causing death. We have in this way administered large 


doses of the extract to the dog, thereby producing the most violent 


cardio-vascular disturbance, without causing a fatal result. 

(2) Effect on the kidney. In our former communication the in- 
ference as to the extreme contraction of the arteries was derived from 
observations on the blood-pressure, from the use of the limb plethysmo- 
graph, and from the arrest of the flow of normal saline through the 
vessels of a frog caused by the addition of a small quantity of suprarenal 


extract. Several observations with the oncometer have confirmed this 


- conclusion and have shown that it is to be extended to the vessels of the 


kidney ; for the tracings have shown a well-pronounced reduction in 

volume of that organ during the suprarenal effect on the circulation. 
(3) Depressor nerve. We have observed that stimulation of the 

depressor nerve does not produce the usual reduction of the 
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blood-pressure while the effects of the suprarenal injection last: 
that is to say, if the depressor nerve in the rabbit is stimulated 
at the height of the pressure caused by intravenous injection of supra- 
renal, the usual fall of blood-pressure is not produced, nor is any 
depressor result to be obtained until the blood-pressure has returned 
to the normal or thereabouts. The depressor result reappears simul- 
taneously with the Traube-Hering curves, if these are seen at all in 
the tracing. (We hve already shown in our previous communication 
that these curves are abolished while the effect of the extract lasts.) 

(4) Effect on cardiac muscle. We have invariably found in the 
dog, cat, and rabbit, after section of the vagi, that the heart’s action 
is remarkably accelerated and augmented, In view of this powerful 
stimulation of the heart in mammals we were somewhat surprised to 
find a comparatively small effect produced by the extract on the frog’s 


ventricle. We have not found that solutions of less than 1°/, supra- 


renal extract in Ringer’s circulating fluid will with certainty affect the 
frog’s ventricle, recording its pulsations in a heart-plethysmograph. 
The following results were, however, obtained with this and with 


stronger solutions—up to 5 °/,: 


(a) Reduction of diastole—with consequent acceleration ; 

(6) The abolition of groups of contractions, and the setting up of 
continuous pulsation ; and 

(c) The arrest of the ventricle in systole. 

Inasmuch as we found that this extreme effect of the extract was 
not prevented or antagonized by potassium chloride we conclude it was 
not due to lime salts in the extract; for Ringer has shown that the 
calcium effect upon the contraction of the frog’s ventricle is counter- 
acted by potassium. Moreover the individual contractions do not show 
the characteristic lime effect (delay of diastole). On the contrary each 
individual contraction remains normal; although the acceleration pro- 
duced by the drug may be ultimately sufficient to prevent the 
completion of the diastole, and the contractions may thereby be caused 
to run together. 

(5) fect on the skeletal muscles. The paralysing effect. of the 
subcutaneous injection of the extract (equal to 1 or 2 grains of the 
fresh gland) in the frog, referred to in our first communication, has not 
been observed in other animals experimented on in this way, namely, in 
the rabbit, guinea-pig, and cat—except in lethal doses in the rabbit. 
We have, however, observed in dogs subjected to the intravenous injec- 
tion of the extract that when the muscles were electrically stimulated 
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through the nerve supplying them, a modification of the normal 
contraction was apparent—the relaxation being delayed, as in the case 
of frog’s muscle. 

This effect was, moreover, not only observed while the suprarenal 


rise of the blood-pressure was being recorded, but was traceable for — 


some time after that rise had passed away. We infer therefore that 
the active material is probably taken up by, and remains for a time 
stored within, the muscular tissues. 

(6) Effect on secreting glands. We have not obtained: any definite 
_ effect upon the secretion of the submaxillary gland as the result of 
injecting suprarenal extract into the blood. Nor have we found the 
chorda tympani any less active in promoting the secretion of the gland 
in an animal the blood vessels of which are contracted by the extract. 

(7) Comparison between the cortex and medulla. We have found 
that when two extracts are prepared of equal strength—say 1 to 100 
of normal saline—one of the cortex, and the other of the medulla of the 
perfectly fresh gland, the intravenous injection of the former will not 
produce the characteristic cardio-vascular disturbance, while that of the 
latter in the same dose will induce it in a marked degree. It is, how- 
ever, somewhat difficult to prepare the cortical extract perfectly free 
from a trace of the medulla; so that it may happen, as we have found, 
that a comparatively large dose of cortical extract (eg. equal to 8 
milligrammes of the fresh cortex) may produce a slight physiological 
effect: but not more than that of a much smaller portion (e.g. equal 
to 0'2 milligrammes or 4, grain of the fresh medulla) of the medullary 
extract. 

We therefore conclude that the active principle of the extract is 
present in the medulla only: the effects which we have obtained from 
extract of cortex being small and inconstant, and probably to be 
explained by accidental contamination or post-mortem diffusion. 

(8) The suprarenals of man. We have experimented with 
suprarenals derived from three subjects—one in which the glands 
were healthy, and two others in which they were diseased (cases of 
Addison’s disease). The healthy organs provided an extract of great 
physiotogical activity ; whereas the diseased adrenals afforded one which 
gave a purely negative result. 

(9) Pre-digested suprarenal extract. In view of the oral ad- 
ministration of the extract as a remedy it seemed desirable to ascertain 
whether peptic digestion impaired its active properties, A little of the 
watery extract of the gland was added to artificial gastric juice 
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(pepsin + 0°2°/, HCl) and exposed to a temp. of 40° C. for 24 hours, The 
intravenous injection of a small quantity of this and of an equal portion 
of the same extract diluted at the time to the same extent with 
0-2 */, HCl produced identical physiological effects. Injection of an 
equivalent amount of acid as a control produced no effect. This obser- 
vation was repeated with the same result. 

It does not, therefore, seem likely that stomachic digestion will 
seriously lessen the physiological properties of the extract. 

(10) How is the extract eliminated or disposed of? Some ex- 
periments were made with the view of elucidating this question. Is 
the active principle destroyed in the blood? This seemed not 
improbable, inasmuch as Mr Moore has found that alkalies and 
oxidation destroy the activity of the extract. We have, however, 
observed that when allowed to stand in freshly-drawn blood (a) with 
free exposure to the air, or (b) with complete exclusion of air for 
22 hours, the extract possessed the same activity as when preserved 
in exactly the same manner in normal saline. We have likewise 
ascertained that clamping the renal vessels or the suprarenals 
themselves does not prolong or perceptibly modify the duration of 
the effect produced on the blood-pressure by the intravenous injection © 
of the extract. Inasmuch as we have observed an altered contraction 
of the muscles to persist after the subsidence of the cardio-vascular 
disturbance set up by the injection it seems probable, as already hinted, 
that the active principle of the extract passes out of the blood into the 
muscles, and remains there for a time. 

We have shown that in Addison’s disease the adrenals may become 
totally devoid of the physiologically active material. If these bodies 
are to be regarded as eliminators of toxic materials rather than as 
producers of materials which are of definite physiological value, the 
toxic materials they should remove or destroy might be expected, in 
cases in which their function is in abeyance, to pass out by the kidneys. 
We have, however, found that an extract prepared from the urine in 
Addison’s disease has precisely the same effect when injected into a 
vein as that of an extract prepared from normal urine. In fact all the 
_ evidence we have obtained leads us to view the function of the supra- 
renal bodies? as secretory rather than destructive, and the secreted 
product as being in all probability of great physiological importance for 
maintaining the tonicity of the muscular tissues in _— and — 
of the heart and arteries. 


1 At least the medulla. 
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We must again express our indebtedness to Messrs Willows, 
Francis and Butler for the liberal supplies of fresh suprarenal _— 


On the chemical nature of a physiologically active substance 
occurring in the suprarenal gland. By B. Moors, M.A. 


(From the Physiological Laboratory, University College, London.) 


THE. experiments of which a preliminary account is given in this 
communication were undertaken at the suggestion of Prof. Schafer, 
with the object of determining the chemical nature of, and if possible 
isolating a substance discovered by him and Dr G. Oliver in the 
suprarenal glands’, which possesses a well-marked physiological action. 
The first experiments were made with a glycerine extract of which 
one part was equivalent to one of the fresh glands. A portion of this 
extract was treated with ten times its volume of absolute alcohol, 
filtered from the resulting precipitate, and evaporated to a syrup at a 
temperature of 70°C. This residue was dissolved in normal saline, 
tested physiologically by venous injection and found to be very active. 
The precipitate caused by the alcohol was also extracted with normal 
saline and the extract injected and found to be inactive. Boiling the 
original extract, or a solution prepared by treating it with alcohol as 
_ described above, did not destroy any of its active properties; also on 
subjecting it to the action of acids or alkalies for a few minutes, then 
neutralizing and injecting, the extract was found to be still active. 
But it was shown by subsequent experiments that boiling for three or 
four hours with water alone, or heating to 40°C. with even very dilute 
alkalies for a similar period, completely destroys the physiological 
activity of the substance, while heating to 40°C. for a like time with 
- different acids, varying in strength up to 10 °/,, left it quite untouched. 
A water extract of the gland was prepared by mincing the glands, 
covering with water for a few hours, boiling for a few minutes, and — 
then filtering. This filtrate was evaporated to dryness at a temperature 
of 70°C. and a brown-coloured residue obtained, of a sticky wax-like 
consistency when warm, becoming brittle on cooling, and very deliques- 
cent. This residue was found to be very active. It was extracted with 
various organic solvents, viz. ether, chloroform, carbon-bisulphide, amyl 
alcohol, benzene and ligroin, as well as with mixtures of these solvents, 


1 Proceedings of the Physiological Society, March 10, 1894. 
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but the active principle was not dissolved by any of them. Repeated 
extraction with boiling absolute alcohol, gave a brown-coloured wax 
similar to the original residue; even in hot absolute alcohol this wax, 
which it is impossible to dry completely, is very feebly soluble, and in a 
later experiment it was shown that the fresh glands dried at 40° C. and. 
then, after several extractions with anhydrous ether, placed under 
absolute alcohol had a mere trace of the active principle extracted from 
them even after several days’ standing. The water extract, boiled and 
filtered, was saturated with ammonium sulphate, which caused a scanty 
precipitate, the filtrate from this diluted with its own volume of water 
gave a strong effect, a control experiment showing that an equal 
amount of half saturated ammonium sulphate solution had no such 
action. The precipitate caused by saturation was extracted, injected 
and found to be inactive. | ! 

The water extract was distilled in a vacuum at a temperature 
between 50° and 60°C. and the distillate was found to be inactive. 
The brown residue remaining was also distilled in vacuo and the 
portion coming over below 100°C. and that between 100° and 180°C. 
collected separately and tested, as well as an extract of the charred 
residue, all three were found inactive. The brown residue which 


softens and becomes semi-fluid between 60° and 80°C. chars rapidly 


when heated above 150°C. | 

Some fresh glands were dried at 40°C., then, after several 
extractions with ether, and after standing for some weeks under 
absolute alcohol, were extracted with a small quantity of distilled water, 
and the filtrate allowed to dialyse into distilled water through — 
parchment paper. The dialysate was strongly active. 

This dialysate contains some substance possessed of a powerful 
reducing action. Such a substance has already been described, as 
occurring in the gland, by Vulpian’, and his observations have been 
confirmed and extended by Virchow?, Arnold’, and Krukenberg‘. 

Vulpian found that it is confined almost exclusively to the medulla 
of the gland, that it gives a dark green or blue colour with ferric 
chloride, passing through purple to a dark red on the addition of 


- ammonia, or sodium carbonate; with various oxidizing agents, such as 


chlorine, bromine or iodine water, peroxide of hydrogen or alkalies in 
the presence of oxygen, it gives a rose-red colouration, which is 
discharged by sulphuretted hydrogen or ammonium sulphide. It is 


1 Compt. rend., T. 48, 1856, Ibid, T. 45, 1857.  ® Virchow’s Archiv, Ba. 12, 1857. © 
* Ibid. Bd. 35, 1866. Ba, 101, 1885. 
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insoluble in. organic solvents, alcohol, ether, benzene, &c.; soluble 
in water and dilute acids. It is also, as shown by Vulpian, peculiar 
to the suprarenals, as its reactions are not given by any of the other 
glands; he also found it after death in the blood of the suprarenal vein, 
and supposes that it is during life supplied to the blood by the gland. 

I have found that the solubilities of the active principle are exactly 
the same as those of this reducing agent. Experiments, in which 


_ portions of the cortex and medulla were carefully separated and made 


into extracts, demonstrated that the active principle is also confined to 
the medulla. As stated above, heating with dilute alkalies destroys the 


active substance, it also oxidizes the reducing agent. Oxidation of an 


active extract for a few minutes with peroxide of hydrogen developed 
a rose red colouration and at the same time, as shown by a control 
experiment, very materially weakened the physiological effects of the 
extract. 

These considerations point to the fact that the active principle and 
the body giving these peculiar reactions are probably identical; and 
in all cases where extracts possessing active physiological properties 
were afterwards tested chemically for this reducing agent it was 
invariably found to be present, while in those cases in which no 
physiological effect was obtained the reducing agent was found absent 
by chemical tests. 

The action of various precipitants was tried on the dialysed extract. 

Platinic chloride gave no precipitate. A small precipitate was 
obtained by the use of this reagent in an alcoholic extract, but on 
decomposing it with sulphuretted hydrogen, filtering, neutralizing and 
injecting no effect was obtained, and the original filtrate from the 
platinic chloride, after removing the excess of that reagent gave a 
strong effect. A similar result was also obtained with mercuric 
chloride. 

-Potassio-mercuric iodide also gave no precipitate. 

On adding phospho-molybdic acid, the solution turned green and 
a blue precipitate fell, both evidently due to the reduction of the 
reagent. | 

Nitrate of silver gave a white precipitate, which rapidly turned 
black from reduction, even when kept in the dark, and on heating a 
silver mirror is rapidly obtained. 

The various extracts were found not to reduce Fehling’s solution 
even after boiling with mineral acids, and yielded no crystalline 
product when heated with phenyl hydrazine. 
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On passing a solution of the brownish resin obtained by evaporating 
the water extract to dryness through animal charcoal, to decolourise it 


and obtain a purer product, a colourless filtrate was obtained, yielding 


on evaporation fern-shaped masses of crystals, but on testing a solution 
of these no physiological effects were obtained. Nor could the active 
principle be re-obtained from the charcoal by boiling with water. On 
trying the effect of smaller quantities of charcoal it was found that the 
solution instead of being decolourized became more deeply coloured. 
Probably the active principle is first oxidized by the charcoal and 
afterwards decolourized. 

The results obtained in the course of the ba vailiealinis up to the 
present may be briefly stated as follows :— | 

The active principle is soluble in water, and in dilute alcohol; its 
solubility decreases with the percentage of alcohol present, until with 
absolute alcohol it is almost insoluble. It is insoluble in ether, 
chloroform, amyl alcohol, carbon bisulphide, benzene or ligroin. 

It is not attacked by acids nor by boiling for some minutes, but is 
destroyed by alkalies, by oxidizing agents and by continued boiling. 
It is not precipitated by excess of alcohol, by saturation with 
ammonium sulphate, by mercuric chloride, potassio-mercuric iodide, or 
tannic acid. | 

It does not reduce Fehling’s solution alone, nor after boiling with 
mineral acids, nor does it form a crystalline compound with phenyl 
hydrazine. 

It is not volatile either alone or with water vapour. It dialyses 
freely through parchment paper, and the highly active dialysate so 
obtained is completely free from proteids. 


The Proteids of Suprarenal Capsules. By D. N. Nasarro. 


THE investigation, of which the following is a preliminary communica- 
tion, was started at the instigation of Prof. Schafer with the view of 
ascertaining the nature of the proteids derivable from the suprarenal 
bodies. 

The materials employed for examination were the suprarenals of 
calves. They were extracted with 5°/, MgSO, solution, within 12 hours 
after death. The proteids obtained are for the most part of the nature 
of globulins and nucleo-albumins, that is, they are, with one exception, 
precipitated by saturation with MgSO,. The temperatures of heat 
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coagulation are 56°C., 65°C. and 75°C. One albumin is present | 


in small amount, coagulating at 71°C. The proteid coagulating at 


56°C. is a globulin. It leaves no trace of a residue on digestion with 


artificial gastric juice. That coagulating at 65°C. leaves a very small 


residue on digestion; the proteid coagulating at 75° also leaves a very 


small. residue. 

The extract of the glands made with 5°/, MgSO, gave, on acidifying 
slightly with acetic acid, a considerable coagulum at 40—41°C. On 
repeating the experiment with a second extract, the precipitation began 
at a still lower temperature, viz. about 35°C. On careful neutralization 
of some of the same extract and warming, a thick precipitate occurred 
at 40°C. Whether this is a precipitation of a globulin or of a nucleo- 
albumin I am not at present in a position to assert definitely, but 
that it is probably of the nature of nucleo-albumin would appear from 
the fact that a considerable residue is left upon gastric digestion. 

No pepsin or peptone is present in these glands. 


_ Experiments on the conditions of coagulation of Sibrinogen. 
By E. A. Scuarrr, F.RS. 


(Preliminary Note.) 


‘Ir was shown by Hammarsten that solutions of fibrinogen prepared 


by half-saturating blood-plasma with NaCl and purified by repeatedly 
washing with half-saturated solution of NaCl, redissolving and repre- 
cipitating give a coagulum of fibrin on the addition of solution of 
Schmidt’s fibrin-ferment prepared from blood by precipitation with 
alcohol. This solution contains as is well known a proteid or nucleo- 
proteid (Halliburton, Pekelharing) which is regarded as the actual 


_ ferment, besides inorganic salts, including soluble lime salts, 


It follows therefore from this experiment, and the conclusion has 
been accepted by most physiologists, that for the formation of fibrin 
from fibrinogen the presence of an organic “ferment” is necessary, and 
it has further been made abundantly clear from the experiments of 


Green, Ringer and especially of Arthus and Pagés that the presence 


of lime is equally essential to fibrin formation. 

Recently it has been argued by Lilienfeld’ that nucleo-albumin 
acts in promoting the formation of fibrin from fibrinogen by splitting up 
the fibrinogen into a substance which he calls “thrombosin” and a 


1 Zeitsch. f. Physiol. Chemie, Bd. xx. Heft 1 and 2, 1894. 
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globulin, and that it is this.new substance thrombosin which by com- 
bination with lime forms fibrin. Lilienfeld further finds that the 
ferment action of nucleo-albumin is due to the nucleic acid it contains, 
and he asserts that other acids such as acetic are competent to act in a 
similar way, i.e. to produce thrombosin from fibrinogen’. In illustration 
of this he gives the following experiment. “ Fibrinogen is prepared 
pure by Hammarsten’s method and dissolved in dilute NaCl, acetic 
acid is added and produces a precipitate; this Lilienfeld terms throm- 
bosin: the precipitate is dissolved up (after washing with H,Q) in a 
little dilute sodium carbonate solution: the addition of calcium chloride 
produces a coagulum of fibrin.” 

I have repeated the above experiment and have found, as Frederikse 
and others have before me, that the statement is correct. I am not how- 
ever prepared to admit without further evidence (1) that “ thrombosin ” is 
chemically different from fibrinogen, (2) that fibrin-ferment (i.e. nucleo- 
albumin) does not enter into the reaction. 

1. I fail to find any evidence in Lilienfeld’ s paper that thrombosin 
is different from fibrinogen. For a solution of fibrinogen in dilute 
carbonate of soda will also yield a coagulum on the addition of CaCl, 
alone*. This is contrary to a statement of Lilienfeld, but it is un- 
questionably true. The rapidity of formation of the coagulum is, ceteris 
paribus, as great as in the case of the so-called thrombosin, that is to say, 
if sufficient lime salt be added and if the solution of fibrinogen be strong — 
- the coagulum forms instantly, and the clot has all the appearance and 
properties of fibrin.. With a strong solution a mere trace of lime will 
produce some coagulum,—in fact it is difficult so thoroughly to get rid 
of all traces of lime from the glass vessels employed as to avoid the 
formation of some fibrin on standing. 

action. For however many times fibrinogen may be washed with half 
saturated NaCl, redissolved and reprecipitated, it is impossible to 
prepare a product which does not leave a residue on digestion with 
artificial gastric juice*, Lilienfeld has himself shown that the diges- 

tion-residue of fibrinogen contains phosphorus, and has inferred that 
' Nevertheless Lilienfeld denies the existence of nucleo-albumin in the solution of 
Schmidt’s fibrin-ferment (as asserted by Pekelharing) and confirms Halliburton’s 


statement that the proteid is a cell-globulin. Halliburton has however himself since 


admitted the correctness of Pekelharing’s assertion (Physiol. Soc. Feb. 16, 1895). 

2 Also on the addition of boiled solution of Schmidt’s alcohol precipitate of blood. — 

’ This is equally true of the fibrin formed from such “ pure” fibrinogen, although in 
this point my results differ from those obtained by Lilienfeld. 
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fibrinogen may itself be a nucleo-albumin. But it does not appear to 
me that the amount of residue obtained warrants this inference. It 
seems more probable that the source of the phosphorus-containing 
digestion-residue is nucleo-albumin (ie. fibrin-ferment) which has 
clung to the fibrinogen, and that the presence of this nucleo-albumin 
explains the fact that fibrin becomes formed from Hammarsten’s 
fibrinogen on the addition of CaCl,. 

With regard to the necessity of lime in promoting the change of 


fibrinogen into fibrin it must be admitted that soluble salts of lime play 


a most important part in the transformation. It is however not the 
case that the formation of fibrin in fibrinogenous fluids such as blood- 
plasma will not occur in the presence of excess of soluble oxalates, as is 
inferred by Arthus and Pagés from their experiments. In support 
of this statement I bring forward the following observation. 

Dog's blood was mixed, as it flowed from an artery, with solution 
of potassium oxalate in excess and put aside in a cold place for the 
corpuscles to subside. After two days the supernatant plasma was 
poured off from the subjacent mass of corpuscles and blood-platelets 
and was filtered. The filtrate, which contained a considerable amount of 
potassium oxalate, was again put aside for a few days, when a thick film 
of coagulum was noticed at the bottom of the otherwise clear fluid. 
Examined with the microscope this coagulum was found to present all 
the appearances and reactions of fibrin, and I have under the microscope 
a stained preparation which the members of the Society will at once 
recognize as exhibiting the characteristic felt-work of fibrin-filaments. 
These however have been formed in a fluid containing abundance of 
dissolved oxalate of potassium, and if we assume (as appears to be — 
conclusively proved by recent research) that lime is a necessary com- 
ponent of fibrin, we are driven to the conclusion that fibrinogen can 
slowly take up lime and become converted into fibrin even in the 
presence of soluble oxalates, , 


The Exchange of Blood Gases in the Brain and in the 
muscles in states of rest and of activity. By LEoNArD HILL. 
and D. N. NABARRO. 


(Preliminary Communication.) 


A SERIES of experiments bas been carried out by us in order to 
investigate the comparative metabolism of the brain and the muscles. 
The research was suggested by the fact that the blood which flows out 
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from the torcula Herophili is far less venous in colour than that of the 
femoral vein. In each experiment successive samples of blood were 
collected from the carotid artery, the torcula Herophili and the deep 
femoral vein. 

The gases were extracted for analysis by the pump described by one ~ 
of us (L. Hill) in the Journ. of Physiol. 1894. The samples of blood 
weighed 8—9 grms. and were collected in small bulbs which had been 
rinsed out with oil, and the rate of flow was noted in each case. The 
blood was immediately transferred from these small bulbs to the vacuum 
froth-bulbs of the pump, defibrinated by shaking with mercury and the 
gases then extracted. This procedure was followed because it was 
impossible to draw the blood directly from the torcula into the vacuum 
bulbs. By comparative experiments it was found that the percentages 
of the blood gases were unaltered by this method of procedure. Blood 
taken from the carotid artery either in the small bulbs or directly into 
the vacuum bulbs yielded similar results, ie. within the limits of error 
of the pump. | 

The gases were extracted from all the samples of blood taken, within 
two hours of collection, and the vacuum froth-bulbs containing the 
blood were kept in the cold until the time of extraction. 

The animals employed were dogs; and the experiments were carried 
out under chloroform or under morphia narcosis. _ 

Samples of carotid blood were collected before and after the collec- 
tion of the samples of venous blood, in order to eliminate variations in 
the general state of the animal. In the condition of rest the gases of 
the carotid blood remained remarkably constant during the course of 
an experiment (see Exp. II.). 

The state of activity was provoked by the intravenous injection of 
the essential oil of absinthe, and samples of blood were obtained in the 
conditions of tonus and clonus. During the fit the gases of the carotid 
blood vary much more than in the state of rest, and this fact has 
hitherto increased the difficulty of obtaining uniform comparative . 
results in activity. 

The general results of more than thirty experiments, now completed, 
are that :— 

(1) The metabolism of resting muscles, as measured by the gaseous 
exchange, is very much greater than that of the resting brain (Exps. I. 
and IV.). 

(2) The metabolism in the muscles in the state of activity is 
enormously increased (Exp. III.). 
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(3) The metabolism of the brain during an epileptic fit is somewhat 
but not constantly increased (Exp. IV.). 

The first and second of these results are fully established by our 
experiments; the third requires still further investigation. These 
results are opposed to those of Mosso on heat formation in the brain. 
The latter cannot be regarded as the seat of very active metabolism. 


Examples of Experimental Results. 


All the numbers are reduced to 0° C. and 760 mm. pressure and corrected 
for'tension of water vapour. 


Normal Normal F 
Artery Torcula i Art. and Torcula Art. and Vein 
Total 64°05 64°43 63°59 
co, 44°49 48°52 54°32 4°03 — 9°83 
O 16°77 13°74 6°94 + 8°03 + 9°83 
N 2°79 2°17 2°33 


_ The difference between the artery and the deep femoral vein is more than 
twice that between the artery and torcula in the condition of rest. 


II. 
Tore. I. Difference I II Toe Difference II 
Total 59°62 57°08 59°86 59°10 — 
3 38°31 40°40 — 2°09 89°18 42°57 ~ 3°39 
0 19°16 13°82 + 5°34 18°73 14°66 + 4°07 
N 2°14 2°85 ~— 1°95 1°85 _ 


This experiment shows how constant the results remain in the condition 
of rest. The second pair of samples was taken some minutes after the first 


pair. 
III. 
emi. 

| Peep Diterence | art | | | | 
Total | 55°70 | 5874 | — | 47aa | 4603 | — | 5807 | ~— 
. 86°34 44°01 7°67 26°69 41°53 14°83 45°94 19°25 
0 16:87 7°59 9°28 18°12 1°79 16°33 8°80 14°32 
N 2:47 2°13 — 2°29 8-02 8°31 


_ The fit vein samples flowed at almost three times the rate of normal vein, 
so that the fit differences must be trebled and thus become very large. 
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N N 
Total | 62°72 65°77 65°20 _ — 61°37 65°84 — 
co, 38°93 46°26 53°69 7°33 14°76 36°18 49°81 | 13°63 
oO 21-68 17°39 9°05 4°29 12°63 22-23 13-80 8°43 
N 2°10 2°12 2°45 _ 2°95 2°23 


The Influence of Saline Media on Tubifex Rivulorum. By 
Sypnry Rinoer, F.B.S., and Arruur G. PHEar. 


IN a communication shortly to be published in this Journal we have 
drawn attention to the influence of salts in sustaining the structural 
integrity of tadpoles. We now record the results. of further investiga- 
tions on the influence of saline media on tubifex rivulorum. As with 
tadpoles, so with tubifex, when placed in distilled water the animals in 
a few hours begin to disintegrate, and in 24 hours disintegration is 
complete, all structure being lost and only débris being left. Certain 
salts employed in appropriate strengths arrest or entirely obviate this 
disintegrating action of distilled water. Salts may protect against 
disintegration which are quite unable to sustain the functional activity 
of a frog’s heart. Of all salts we have found those of calcium the 
most efficacious, notably the acid phosphate and the bicarbonate of 
calcium. Very small quantities of calcium salts suffice to maintain 
structure and life,—so minute as to produce merely a haziness with 
ammonium oxalate after standing for some minutes. 

Calcium salts. The acid phosphate and the bicarbonate are the 
only two which sustain efficiently ; the former is the better of the two. 
It was prepared by adding tribasic calcium phosphate to distilled water; 
and allowing the mixture to stand for 24 hours. The clear supernatant 
fluid was then removed, containing in solution a minute quantity of the 
acid phosphate of calcium, produced by the action of the carbonic acid 
present in the distilled water on the tribasic phosphate. This solution 
supports the integrity and life of tubifex as well as tap-water. Calciwm 
bicarbonate solution was prepared by passing well washed carbonic acid 
through lime water until the milkiness first produced became almost 
dissolved. After standing for some time the clear overlying fluid was 
removed, and found to support life in tubifex when added to distilled 
water in the proportion of 60c.c. to 140.cc., and in stronger solutions. 
In this proportion the reaction of the solution was feebly alkaline. 
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- Calciwm hydrate, sulphate, nitrate, and chloride support life indifferently, 
a few organisms living three or four days. Of calcium hydrate, solutions 
only are efficient of neutral or slightly acid reaction ; in these the lime 
is doubtless converted into the bicarbonate. The calcium sulphate 
solution was prepared by allowing distilled water to stand on sulphate 
of calcium for several days. | 

Sodium salts. Of sodiwm hydrate only very weak solutions (1 in 
50,000 to 1 in 30,000) sustain, and these imperfectly; the neutral or 
faintly acid solutions are the best; alkaline solutions dissolve the 
organisms rapidly. Sodiwm bicarbonate sustains four or five days in 
solutions of 1 in 5000 to 1 in 2000. Neutral or faintly alkaline solutions 
are the most efficient. With larger quantities movement is arrested in 
24 hours; but the shape and colour of the organisms are retained, and 
they recover completely if placed in tap-water. Trisodiwm phosphate 
solutions of neutral or faintly acid or alkaline reaction (1 in 4000 to 1 in 
2000) sustain movement till the fourth day. In these doses structure 
is preserved after motion is arrested. Higher and more alkaline solu- 
tions cause a rapid dissolution of the animals. Disodic phosphate 
solutions of neutral or nearly neutral reaction (1 in 5000 to 1 in 2000) 

permit sluggish movement till the fifth day. Stronger solutions though 
arresting movement preserve integrity, and recovery ensues on placing 
the animals in tap-water. Monosodic phosphate solutions are very in- 
efficient,—hardly better than distilled water; stronger solutions arrest 
movement, but obviate disintegration, and allow of recovery in tap-water. 

Sodium chloride though unable to sustain movement yet in strong solu- 
tions (1 in 2000 and stronger) keeps the organisms intact, and they 
recover when placed in tap-water. Sodiwm nitrate is quite inefficient. — 

Potassium salts. Potassiwm hydrate. Solutions of this in dis- 
tilled water of neutral or almost neutral reaction support life imperfectly — 
for four days. Alkaline solutions rapidly dissolve the animals. On the 
second day the solutions of potassium hydrate became acid, doubtless 
from absorption of carbonic acid, more than sufficient to convert the 
hydrate into the bicarbonate. Potassiwm bicarbonate is very inefficient; 
in a weak solution of faintly acid reaction sluggish movement persisted 
for three days; in strong solutions (1 in 280) the animals became 
motionless in 5 hours. Tripotassiwm phosphate solutions possess very 
imperfect sustaining powers; in neutral or faintly acid solutions slight 
movement was observed on the morning of the fourth day; in strong 
solutions the animals rapidly became dissolved. Dipotassic phosphate 
displays slight sustaining powers in neutral or nearly neutral solutions ; 
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strong solutions cause rapid arrest of movement, but disintegration is 
avoided, and recovery takes place in tap-water. Monopotassic phosphate 
fails to maintain movement. Potassium chloride is quite inefficient to 
support movements. In the weaker solutions the animals disintegrate ; 
in higher solutions integrity is preserved, and movement is restored 
readily by tap-water. : 

Certain salts then obviate disintegration. Of these some, as will be 
shown, are of highly poisonous nature. Of many of these poisonous 
salts however the percentage requisite to maintain integrity is so small 
as to be probably quite innocuous. Other poisonous salts preserve 
integrity and movement in comparatively large doses; such are the 
oxalates of sodium and potassium. Of these salts we do not suppose 
absorption to occur. With intact and living skin or mucous membrane 
the physical laws of osmosis are held in abeyance, and a selective func- 
tion is possessed and exercised by the live tissue. If a sufficiently strong 
solution of any salt be employed, this selective function is paralysed, 
osmosis occurs, the salt gains access to the organism, which becomes 
motionless and in a short time dies. 

The nature of this protective influence over integrity is obscure. In 
many of our experiments it appears that solutions of neutral or nearly 
neutral reaction are the most efficient. Reaction however though 
important is not the sole factor. Some salts, of themselves neutral, and 
therefore leaving unmodified the acidity of distilled water powerfully — 
protect. Such salts are the magnetic oxide of iron and potassium ferro- 
cyanide. Moreover calcium salts are extremely competent to sustain, to 
a great extent, independently of their reaction. Distinctly acid solutions 
of calcium phosphate, and strongly alkaline solutions of snlctum bicarbo- 
nate sustain as well as tap-water. 

Again, it may be asked:—in the maintenance a integrity and 
movement, do salts act as a whole, or by virtue of one or other of their 
constituents? Although we cannot claim to have settled this question, 
yet some experiments devised to elucidate the matter may be of 
sufficient interest to be recorded. Carbonic acid is a common con- 
stituent of calcium, potassium and sodium bicarbonate, and occurs 
also in distilled water. Yet the last is incapable of supporting integrity; 
and the first three though all efficient in this respect yet vary widely 
in their degree of efficiency. Moreover tap-water saturated with 
carbonic acid gas acts in a very different manner on tubifex from 
distilled water similarly treated. Tubifex when introduced into either 
become almost immediately motionless; movement however rapidly 
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returns to those placed in tap-water, and in a few hours they are 
seen to be again perfectly active. Those in distilled water on the 
other hand remain motionless, and while retaining their shape in the 
course of twenty-four hours become opaque and granular looking—a 
peculiar appearance which we have learnt to associate with the action 
of acids. 

‘The action of potassium ferrocyanide may here be described. This 
salt is very efficient to maintain, in solutions varyiig from 1 in 400,000 
to 1 in 28,000; the lowest of these permitted a small amount of dis- 
integration: but in all the animals were active in their movements on 
the fifth day. The solutions were slightly acid, all to the same degree, 
the acidity being that of the distilled water employed. Stronger 
solutions while maintaining integrity hampered and even arrested 
movement; complete recovery ensued on placing the animals in tap- 


water. Sodiwm ferrocyanide acts similarly to the potassium salt. 


Potassium ferricyanide resembles the ferrocyanide in supporting life 
and movement well. Of the constituents of potassium ferrocyanide, 
potassium has been shown to sustain movement imperfectly in the form 
of the hydrate; bicarbonate and phosphate. Jron in the form of the 
magnetic oxide perfectly supports life and movement even in minute 
quantities. Pure magnetic oxide of iron free from lime (which is 
often present in commercial magnetic oxide) was shaken up with dis- 
tilled water and allowed to stand for five days. The clear supernatant 


fluid was removed and found to contain about 1 part of Fe,O, to 


500,000. This minute quantity is very efficient in sustaining integrity 
and motion. It might be supposed that the iron acted by combining 
with the carbonic acid in the distilled water, on the assumption that it 
is the carbonic acid that destroys. This is disproved by the fact that 
the iron water was quite as acid as distilled water, and yet this solution 
sustained thoroughly well. Potassium cyanide imperfectly supports 
movement for three or four days in doses from 1 in 150,000 to 1 in 


28,000. Stronger solutions with marked alkaline reaction quickly 
dissolve the tubifex. Hydrocyanic acid even in very minute quantities 


(1 in 2,000,000) sustains movement some hours longer than distilled 
water. Stronger solutions are no better than the weaker ones. It 
appears then that all the constituent parts of potassium ferrocyanide 
support integrity and life, although iron-is the most effectual. 


In the case of owalates the acid constituent appears to play a more 


1 The analysis was made by Mr B, Moore, in the Physiological Laboratory of University 
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important part than the sodium or potassium. Sodium owalate in 


solutions of 1 in 20,000 to 1 in 2000 preserved activity for more than 
four days. Higher strengths rapidly arrested movement, but preserved 
integrity, and the addition of calcium chloride to the solution was 
followed by recovery. In solutions of neutral potassium owalate (1 in 
25,000 to 1 in 4000) movement continued till the third day. Potassium 


-binowalate in weak solutions sustained languid movement to the third 


day. Owalic acid in minute quantities proved very efficient. Solutions — 
containing 1 in 200,000 to 1 in 50,000 sustained well; on the fifth day 
the animals were clustered and active. Larger quantities speedily kill, 
but the animals retain their shape, becoming of a dull opaque white 
colour. No sustaining properties have been discovered in phosphoric 
acid. It seems then thatthe constituent concerned in maintaining 


integrity varies with different salts, in some cases being the acid 


element, in others the base. With calcium phosphate and calcium 
bicarbonate and the corresponding salts of sodium and potassium, the 
preservation of integrity appears to be due to the calcium, sodium and 
potassium respectively; whilst with sodium oxalate and potassium 
oxalate the oxalic acid is the more potent constituent. 

Brief reference must be made to the property displayed by calcium 
salts, oxalates and iron in protecting tubifex (and tadpoles) from the 


- poisonous effects of other salts. The presence of calcium phosphate or 


bicarbonate in solutions of potassium chloride which by themselves 
would arrest movement in about three hours entirely obviates this 


paralysing action of potassium chloride. The oxalates of sodium and 


potassium and the magnetic oxide of iron possess similar properties, but 
to a slighter degree. These salts permit movement to continue for 
some days in a solution of potassium chloride; with lime salts under 


similar circumstances movement persists indefinitely. But calcium 


salts, as we have seen, antagonise the action of potassium salts in 
another way. Tubifex which have been rendered motionless by potas- 
sium chloride, on the addition of calcium chloride completely recover. 
The paralysed animals retain their shape and colour, and it must be 
supposed that the potassium salt is absorbed and arrests function by its 
direct action on the tissues of the organism. Revival in these cases 
must be due to an antagonism, effected in the tissues, on the part of 
the lime salt over the paralysing action of the potassium chloride. 
Magnetic oxide of iron and oxalate of sodium or of potassium are 
powerless in this respect; they appear to act solely by preserving 
integrity and preventing absorption, and are unable to antagonise 
the action of potassium chloride on the tissues. 
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